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REMARKS 

The present invention provides RNase P polypeptides and methods for 
identifying antibiotics using these polypeptides. 

Claims 1, 2, 8-1 1, and 13-40 are pending in this case. Claims 22-28 and 30- 
40 are withdrawn from consideration by the Examiner. Claims 2, 16, and 20 are 
rejected under 35 U.S.C. § 1 12 5 second paragraph. Claims 1, 2, 8-11, 13-21, and 29 
are rejected under 35 U.S.C. § 1 12, first paragraph. Claim 1 is rejected under 35 
U.S.C. § 102, and claims 1, 2, 8-11, 13-21, and 29 are rejected under 35 U.S.C. § 
103. Each of these rejections is addressed below in the order that it appears in the 
Office Action. 

Support for the Amendments 

Claim 1 has been amended to incorporate the definition of an RNase P 
consensus sequence found on page 7, lines 1 to 6 of the specification. Claim 8 has 
been amended to clarify that the agent identified has antibacterial activity. Support 
for this amendment is found on page 23, lines 25 to 27 of the specification. 

Objection to the Drawings and the Specification 

The Examiner kindly pointed out an incorrect reference to Figure 2 in the 
specification. This reference has been corrected and this objection can now be 
withdrawn. The Examiner also objects to Figure 1 because the residues highlighted 
in black cannot be seen. The attached substitute drawings have been amended as 
requested by the Examiner and this objection can now be withdrawn. 
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Rejection of claims 2, 16, and 20 under 35 U.S.C. $ 1 12, second paragraph 

Claims 2, 16, and 20 were rejected under 35 U.S.C. § 112, second paragraph, 
for reciting non-elected embodiments of the invention. Applicants again 
respectfully assert that claims 2, 16, and 20 need not be limited to the elected 
species at this time. Such an amendment would potentially be appropriate when no 
generic claim is allowed. In the event that a generic claim is allowed, applicants 
assert that claims to the remaining species, which are written in dependent form, or 
which otherwise include all the limitations of the allowed generic claim should be 
considered as provided by 37 CFR § 1.141 and MPEP § 809.02(a). Applicants note 
that the Examiner has indicated that this rejection will be maintained until a generic 
claim is allowed or the claims are restricted to the elected species. 

Rejection of claims 17 and 21 under 35 U.S.C. $ 1 12, first paragraph 

Claims 17 and 21 are rejected, under 35 U.S.C. § 1 12, first paragraph, for 
lack of enablement. The Examiner maintains this rejection based on the assertion 
that that the specification teaches nothing about the enzymatic activity of an E. coli 
or 5. subtilis RNase P holoenzyme. Applicants respectfully disagree. 

The standard for enablement in the biotechnology arts has been set forth in 
In re Wands (858 F.2d 731, 8 U.S.P.Q.2d 1400 (Fed. Cir. 1988)). Wands holds that 
an invention is enabled so long as the teaching of the specification provides the 
invention without undue experimentation. The fact that experimentation may be 
complex does not necessarily make it undue, if the art typically engages in such 
experimentation. In re Certain Limited-Charge Cell Microcarriers, 221 U.S.P.Q. 
1 165, 1 174 (Intl. Trade Comm'n 1983), affd sub nom, Massachusetts Institute of 
Technology v. A.B. Portia, 11 A F. 2d 1104, 227 U.S.P.Q 428 (Fed. Cir. 1985). 
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Claims 17 and 21 specify that the enzymatic activity of the E. coli or B. 

subtilis RNase P holoenzyme is the hydrolysis of an RNase P substrate. To this 

end, on page 4, line 25 through page 5, line 10, the specification teaches: 

[b]y "a polypeptide containing RNase P activity" is meant a 
polypeptide sequence that, when combined with an RNA subunit to 
form an RNase P holoenzyme, has 20%, 50%, 75%, or even 100% or 
more, of the enzymatic activity of an E. coli or 5. subtilis RNase P 
holoenzyme. Preferably, the RNA subunit is from the same species 
when activity is tested. The enzymatic activity can be assessed, for 
example, by measuring hydrolysis of an RNase P substrate. 
Standard methods for conducting such hydrolysis assays are 
described herein and in the literature (see, e.g., Altaian and 
Kirsebom, Ribonuclease P, The RNA World, 2 nd Ed., Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY, 1999; Pascual 
and Vioque, Proc. Natl. Acad. Sci. 96: 6672, 1999; Geurrier-Takada 
et al., Cell 35: 849, 1983; Tallsjo and Kirsebom, Nucleic Acids 
Research 21: 51, 1993; Peck-Miller and Altaian, J. Mol. Biol. 221: 1, 
1991; Gopalan et al., J. Mol. Biol. 267: 818, 1997; and WO 
99/11653). 

By "RNase P substrate" is meant a substrate in which 
hydrolysis by an RNase P holoenzyme requires the presence of the 
RNase P protein subunit. (emphasis added) 

Several of the references cited above describe assays used to measure the 
enzymatic activity of E. coli and B. subtilis. For example, the Guerrier-Takada 
reference describes assay conditions for the hydrolysis of tRNA using both E. coli 
and B. subtilis RNase P protein subunits. The Gopalan and Tallsjo references also 
describe assays for the hydrolysis of tRNA using E. coli RNase P protein subunits. 

Standard assays for the measurement of hydrolysis of an RNase P substrate 
by an RNase P holoezyme are further disclosed on pages 19-23 of the specification. 

For example, the on page 22, lines 3-21, the specification teaches the 
following exemplary assays and reaction buffers: 
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[s]amples of the RNase P holoenzyme and the RNase P substrate are 
mixed, incubated, and measured for spectrophotometric polarization. 
When the substrate is cleaved by the RNase P holoenzyme, the 10- 
nucleotide 5'- leader sequence is released, which leads to a 
substantial change in the fluorescence polarization in the sample. 
(Campbell, I.D. & Dwed., R.A. pp. 91-125 The Benjamin/Cummings 
Publishing Company, Menlo Park, CA (1984); Lakowicz, J.R., 
Plenum Press, NY (1983)). 

The preferred reaction buffer contains 50 mM Tris-HCl (pH 
7.5), 100 mM ammonium chloride and 10 mM magnesium chloride. 
Concentrations of 10-100 mM, 25-500 mM and 1-100 mM of the 
above, respectively, can be substituted, as can other buffering agents 
such as MOPS or HEPES, or other monovalent cations, such as 
sodium or potassium. When the assay is run in either 96 or 384-well 
polystyrene or polypropylene assay plates, there is a very significant 
decrease in the fluorescence intensity and polarization of the 
annealed substrate over time in the absence of enzyme. Various 
conditions have been tested to prevent the loss of signal with time. 
The preferred conditions include addition of 10-40 |ig/ml carbonic 
anhydrase and 10-100 p,g/ml polyC to the buffer. Other materials, 
such as, 0.5-5% glycerol, 10-100 pg/ml hen egg lysozyme, 10-50 
\xg/mL tRNA, 1-10 mM DTT, or 2-10 mM DTT can also be added to 
the buffer to prevent some loss of signal. 

In addition, the previously submitted Declaration of Dr. Gopalan states that a 
skilled artisan can easily measure the rate of hydrolysis of an RNase P substrate by 
an RNase P holoezyme of interest and determine whether that rate is at least 20% of 
the rate of hydrolysis of the same RNase P substrate by the same concentration of 
an E. coli or B. subtilis RNase P holoenzyme under the same conditions, using 
standard assays such as those described in the specification. Exhibit 1, submitted 
with the previously submitted Declaration of Dr. Gopalan, provides support for this 
assertion by showing the results of an exemplary assay, using conditions provided 
in the specification. In this example, the activity of an RNase P polypeptide of 
interest (N. gonorrhoeae; SEQ ID NO: 27 of the present application) was compared 
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to that of E. coli RNase P to determine whether the activity of K gonorrhoeae 
RNase P is at least 20% of the activity of E. coli RNase P. The reaction mixture 
included 1 nM RNase P RNA subunit, 1-5 nM RNase P protein subunit, 40 nM pre- 
tRNA substrate, 50 mM Tris-HCl, pH 7.5, 100 mM NH 4 C1, and 10 mM MgCl 2 at 
room temperature (22 °C). The reaction was allowed to proceed for 5-60 minutes. 

In the present invention, the enzymatic activity of a polypeptide containing 
RNase P activity identified in the present invention is compared to the enzymatic 
activity of an E. coli or B. subtilis RNase P enzyme. Quantitation of the resulting 
signal or bands on the autoradiogram is required for such a comparison. 
Quantitaion of the resulting signal or bands is a standard art-known procedure 
which can be accomplished, for example, by direct exposure of the gel to a 
phosphorous screen in a phosphorimager that allows for quantitation of the 
radioactive signal itself (see for example Gopalan et al. cited above). Such 
quantitation methods provide relative and not absolute values depending on several 
variables including the optimization of the assay conditions used and exposure time 
of the gel to the autoradiogram or of the gel to the phosphorimager. Again, as 
stated in the Declaration of Dr. Gopalan, the skilled artisan can compare the relative 
enzymatic activity using the same substrate and the same concentration of 
holoenzyme, under the same conditions. Since the present invention requires the 
determination of relative enzymatic activity, the exact assay conditions need not be 
replicated precisely but can be optimized, using standard art-known methods, such 
as those provided in the references and citations above, for each assay. 
Optimization of assay conditions is a standard procedure in the art and does not 
constitute undue experimentation. 

In summary, using the teachings of the specification and routine methods for 
quantitation known in the art, a skilled artisan could readily assay additional 
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polypeptides having RNase P consensus sequence for RNase P activity and 
determine if the RNase P polypeptide of interest has at least 20% of the enzymatic 
activity of an E. coli or B. subtilis RNase P polypeptide. The standard set forth in 
Wands that a claimed invention must be enabled so that any person skilled in the art 
can make and use it without undue experimentation has been met in the present 
case. Accordingly, this rejection can now be withdrawn. 

Rejection of claims K 2, 8-1L 13-21. and 29 under 35 U.S.C. § 1 12, first paragraph 

Claims 1, 2, 8-1 1, and 13-21 are rejected under 35 U.S.C. § 1 12, first 
paragraph, for failure to convey possession of the claimed invention. The Examiner 
states that in order to adequately describe the instant claims, one would have to 
provide the sequences of all 59 of the excluded enzymes. Applicants respectfully 
point out that the entire sequence of each of the 59 excluded enzymes is included by 
reference in the specification on page 7, line 17-22. 

The RNase P sequences claimed as part of the present 
invention specifically exclude those sequences in the RNase P 
database (James W. Brown, The Ribonuclease P Database, Nucleic 
Acids Research 27(1):314 (1999)) as posted on the internet on March 
1, 2000. Also excluded are the RNase P polypeptide and nucleic 
acids described by nucleic acid or amino acid sequence in EP 081 1 
688 A2 {Staphylococcus aureus) and WO 99/1 1653 {S. pneumoniae). 

As stated in the declaration of Dr. Vicki Healy, submitted on October 11, 2002, the 
protein sequences for each of the RNase P protein subunits listed in claim 1, except 
for Staphylococcus aureus and S. pneumoniae, were available in the RNase P 
Database of James W. Brown on March 1, 2000. The sequence for the RNase P 
protein subunits of Staphylococcus aureus and S. pneumoniae are provided by 
reference in the patent applications also cited above. For clarity, applicants have 
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also provided an enlarged version of Figure 1 (Exhibit A), which shows the entire 

sequence of each of the RNase P protein subunits listed. Applicants assert that 

claim 1 is adequately described because the complete sequences of the excluded 

RNase P protein subunits are provided in the specification. 

The Examiner also states that there needs to be some rule for determining 

which polypeptides are RNase P enzymes in the instant claims. Applicants 

respectfully assert that such a rule is clearly found in the specification, for example, 

on pages 10-11. 

To identify which sequences were genuine RNase P protein 
subunits, we determined whether the sequences also contained an 
RNase P consensus sequence, which we defined as a sequence that, 
upon alignment with known RNase P sequences using the ClustalW 
program, conserves at least nine of the following twenty amino acids 
in the E. coli RNase P protein sequence: Rl 1, L12, F18, R46, G48, 
V51, K53, K54, A59, V60, R62, N63, K66, R67, R70, L80, D84, 
V86, L101, and L105 (page 10, lines 19-25). 

Based upon these known sequences, we determined that a 
polypeptide identified by our above-described RNase P BLAST 
search contained an RNase consensus sequence and was a genuine 
RNase P protein subunit if it contained at least nine of the above- 
described twenty amino acids (page 11, lines 12-15). 

However, in order to expedite the prosecution of this application, applicants 
have amended claim 1 to include the rule for determining which polypeptides are 
genuine RNase P subunits. 

As described on page 11, lines 18 to 25, the preferred subset of 9 out of the 20 
amino acids is, 

preferred because it has been identified as playing a significant role 
in RNase P function through mutation studies (Gopalan et al., J. Mol. Biol. 
267:818 1997) and the determination of the RNase P three dimensional 
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structure (Stams et al., Science 280: 752, 1998). The three dimensional 
structure reveals that all of the residues that make up the above-described 
nine amino acid subset are proximal to each other in the tertiary structure of 
the protein, despite the distance between some of the residues in the primary 
structure. 

The nine residues specified as a preferred subset of the twenty amino acids on, for 
example, page 7, lines 9 to 10, of the specification (F18, R46, K53, A59, R62, N63, K66, 
R67, and R70) rank among the highest in terms of identity and specificity. Using the 
tertiary structures of RNase P proteins of Bacillus subtilis and Staphylococcus aureus, 
Jovanovic et al. (Nucleic Acids Research 30: 5065-5073, 2002; attached as Exhibit B) 
determined that the conserved amino acids of RNase P can be grouped into two specific 
conserved regions, the helix 2 region and the large central cleft formed by packing of al 
against the P-sheet. Figure 2 A and 2B of Jovanovic et al., and the enlarged version of the 
figures (attached as Exhibit C) show each of the twenty conserved residues and their 
location in the conserved a-helix and the large central cleft. Although these residues do 
not appear sequentially when the protein sequence is presented in a linear fashion, 
spatially they are present on the same two surfaces, thereby demonstrating conservation of 
both relative sequence position and structural location. The high degree of conservation 
of these amino acids both in terms of sequence and in terms of spatial location 
underscores the importance of these nine amino acids in the general function of an RNase 
P polypeptide and provides evidence of the significance of the specified 9 and 20 amino 
acid residues. As described above, both the 20 amino acid residues and the subset of 9 
amino acid residues are conserved throughout all of the bacterial RNase P proteins shown 
in Figure 1 both in terms of sequence and structure, supporting the factual basis for the 
use of these conserved amino acids to identify additional RNase P protein subunits. 

The Examiner also rejects claims 1, 2, 8-1 1, 13-21, and 29 under 35 U.S.C. § 
1 12 for failure to comply with the written description requirement by stating that, 
although the specification makes the presumption that an enzyme with similarity to 
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a known RNAse P enzyme will also have activity, this presumption was never 
tested. Applicants respectfully disagree and assert that there are indeed examples, 
found in the specification and in the previously submitted Declaration of Dr. 
Gopalan, of the identification of the catalytic activity of an RNase P protein using 
the consensus sequence and that such examples are sufficient to satisfy the written 
description requirement under 35 U.S.C. § 1 12. 

The written description requirement, as set forth in 35 U.S.C. § 1 12, first 
paragraph, requires that the "specification shall contain a written description of the 
invention." The M.P.E.P. § 2163 states: 

The written description requirement has several policy objectives. 
"[T]he 'essential goal 5 of the description of the invention requirement 
is to clearly convey the information that an applicant has invented the 
subject matter which is claimed." In re Barker, 559 F.2d 588, 592 
n.4, 194 USPQ 470, 473 n.4 (CCPA 1977). Another objective is to 
put the public in possession of what the applicant claims as the 
invention. See Regents of the University of California v. Eli Lilly, 119 
F.3d 1559, 1566, 43 USPQ2d 1398, 1404 (Fed. Cir. 1997), cert 
denied, 523 U.S. 1089 (1998). 

An applicant shows possession of the claimed invention by describing 
the claimed invention with all of its limitations using such descriptive 
means as words, structures, figures, diagrams, and formulas that fully 
set forth the claimed invention. Lockwood v. American Airlines, Inc., 
107 F.3d 1565, 1572, 41 USPQ2d 1961, 1966 (Fed. Cir. 1997). 
Possession may be shown in a variety of ways including description of 
an actual reduction to practice, or by showing that the invention was 
"ready for patenting" such as by the disclosure of drawings or 
structural chemical formulas that show that the invention was 
complete, or by describing distinguishing identifying characteristics 
sufficient to show that the applicant was in possession of the claimed 
invention. See, e.g., Pfaffv. Wells Elecs., Inc., 525 U.S. 55, 68, 1 19 
S.Ct. 304, 312, 48 USPQ2d 1641, 1647 (1998); Eli Lilly, 119 F.3d at 
1568, 43 USPQ2d at 1406; Amgen, Inc. v. Chugai Pharmaceutical, 
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927 F.2d 1200, 1206, 18 USPQ2d 1016, 1021 (Fed. Cir. 1991) (one 
must define a compound by "whatever characteristics sufficiently 
distinguish it"). (M.P.E.P. § 2163; emphasis added.) 



Applicants' specification describes both the distinguishing characteristics of the 
invention, including the rule for identifying an RNase P holoenzyme using the 
RNase P consensus sequence described above, as well as examples of an actual 
reduction to practice showing the application of this rule to identify an RNase P 
protein subunit having enzymatic activity. 

Further support for the RNase P identification is as follows. 
Using the above-described BLAST search and consensus sequence 
determination, we independently identified the sequence for an 
RNase P protein subunit from the genomic database of 
Staphylococcus aureus (S. aureus). Although this sequence had 
been previously identified as an RNase P protein subunit and its 
RNase P activity had been confirmed by assay (EPA 0 811 688 A2), 
our independent discovery of this RNase P sequence provides proof 
of principle that our method of searching for RNase P protein 
subunits predictably identifies polypeptides that have RNase P 
activity, (page 12, line 25 to page 13, line 4) 

Clearly, the citation above, taken from the specification, describes a test of 
the hypothesis that an enzyme identified using the rule for identifying a genuine 
RNAse P polypeptide, as cited above, will have activity. 

In addition, the previously submitted Declaration of Dr. Gopalan, also 
described above, shows evidence that two RNase P polypeptides (N. gonorrhoeae 
and Porphyromonas gingivalis, SEQ ID NOS: 27 and 31, respectively), identified 
by the methods provided in the specification, have RNase P enzymatic activity. 
These three examples support the proposition that an RNase P holoenzyme 
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reconstituted using a polypeptide identified by the methods described in the present 
application will have enzymatic activity. 

According to the "Guidelines for the Examination of Patent Applications 
Under the 35 U.S.C. § 1 12, para. 1, 'Written Description 5 Requirement" set forth in 
§2163 of the MPEP, 

[a] "representative number of species" means that the species 
which are adequately described are representative of the entire 
genus. Thus, when there is substantial variation within the genus, 
one must describe a sufficient variety of species to reflect the 
variation within the genus. On the other hand, there may be 
situations where one species adequately supports a genus. 

Given that the methods for identifying an RNase P protein subunit and determining 
if the protein has RNase P activity are clearly presented in the specification and 
have very little, if any variation in their application to the various species claimed, 
the representative number of species showing RNase P activity for the identified 
RNase P protein subunits meets the guidelines for the written description 
requirement presented above. Applicants assert that for the reasons outlined above, 
the specification demonstrates that applicants were in possession of the invention at 
the time the application was filed. Accordingly, this rejection should be withdrawn. 

Rejection of claims L 2, 8-1 K 13-21 and 29 under 35 U.S.C. § 1 12, first paragraph 

Claim 1, 2, 8-11, 13-21, and 29 were rejected, under 35 U.S.C. § 1 12, first 
paragraph, for lack of enablement. The Examiner maintains this rejection because, 
"there is no rule in any of the claims as to exactly how many of the residues must be 
identical in order for the polypeptide to be an RNase P, nor is there any disclosure 
that the RNase P polypeptides identified in the invention as SEQ ID NOs: 20-38 
have RNase P activity." Applicants respectfully disagree. 
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Applicants have amended claim 1 to specifically recite an isolated 
polypeptide comprising "at least nine of the following specified 20 amino acid 
residues in the E. coli RNase P protein subunit: Rl 1, L12, F18, R46, G48, V51, 
K53, K54, A59, V60, R62, N63, K66, R67, R70, L80, D84, V86, L101, and L105." 
This definition of the term "RNase P consensus sequence" is found on page 7, lines 
1 to 6 of the specification. 

By "an RNase P consensus sequence" is meant a sequence 
which, when aligned to the E. coli RNase P sequence using the 
ClustalW program and performing a comparison of the specified 
amino acid sequences, shows conservation of at least nine of the 
following specified 20 amino acid residues in the E. coli RNase P 
protein subunit: Rll, L12, F18, R46, G48, V51, K53, K54, A59, 
V60, R62, N63, K66, R67, R70, L80, D84, V86, L101, and L105. 

In view of this amendment, this rejection may now be withdrawn. 

The Examiner also suggests that the claims are not enabled because there is 
apparently no disclosure that SEQ ID NOs: 20-38 have RNase P activity. 

As stated above, the standard for enablement in the biotechnology arts has 
been set forth in In re Wands (858 F.2d 731, 8 U.S.P.Q.2d 1400 (Fed. Cir. 1988)). 
Wands holds that an invention is enabled so long as the teaching of the 
specification provides the invention without undue experimentation. Wands states 
that: 

the test [for determining whether experimentation is undue] is 
not merely quantitative, since a considerable amount of 
experimentation is permissible, if it is merely routine or if the 
specification in question provides a reasonable amount of 
guidance with respect to the direction in which the 
experimentation should proceed (emphasis added). 
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Furthermore, the Federal Circuit has long held that it is not necessary for all 
possible embodiments of a claim to be operative in order for that claim to be 
enabled. See Atlas Powder Co. v. E.I du Pont de Nemours & Co., 750 F.2d 1569, 
224 U.S.P.Q. (Fed. Cir. 1984). The proper test of enablement is "whether one 
reasonably skilled in the art could make or use the invention from the disclosures in 
the patent coupled with the information known in the art without undue 
experimentation." Hybritech, Inc. v. Monoclonal Antibodies, Inc. 802 F.2d. 1318 
(Fed. Cir. 1985). 

Applying these standards to the present case, it is clear that applicants' 
specification satisfies the proper test of enablement as outlined above. As 
described above with reference to the written description prong of the § 1 12 
rejections, several examples of the enzymatic activity of RNase P protein subunits 
identified in the present invention have been provided. First, the specification 
describes the identification of the RNase P protein subunit of Staphylococcus 
aureus (S. aureus), whose RNase P activity had been previously confirmed by assay 
(EPA 0 811 688 A2). The previously submitted Declaration of Dr. Gopalan 
illustrates the ability of recombinant N. gonorrhoeae (SEQ ID NO: 27) and 
Porphyromonas gingivalis (SEQ ID NO: 31) RNase P to cleave a pre-tRNA Gln 
substrate using the methods similar to those described in the specification. These 
results provide confirmation that polypeptides identified using the methods of the 
present invention do, in fact, have RNase P activity. 

The Examiner acknowledges the previously submitted Declaration of Dr. 
Gopalan but asks that applicants 5 provide further proof that there is only one RNase 
P protein subunit for each bacterial species. 

The attached second Declaration of Dr. Gopalan submits data from the 
Clusters of Orthologous Groups of Proteins (COG) database 
( www.ncbi.nlm.nih.gov/cog) that provides further proof that there is only one 
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RNase P protein subunit for each bacterial species. The COG database is a 
government-supported database that provides a phylogenetic classification of the 
proteins encoded in complete genomes including bacterial, archael, and eukaryotic 
genomes. Each cluster group, or COG, is assigned a number and consists of an 
individual protein from at least 3 lineages. The RNase P polypeptide subunit has 
been assigned COG594. A search of the 131 genomes of the COG database for 
COG594 was performed using the Comparative Genomics web tool found at the 
web site for the Virtual Institute for Microbial Stress and Survival (VIMSS) 
supported by the U.S. Department of Energy Office of Science 
( http://vimss.lbl.gov/) . This search produced 105 hits (a copy of these results is 
attached as Exhibit D). Each of the bacteria listed in the 105 hits shows only one 
complete sequence for the RNase P polypeptide subunit. This tool searches only 
genomes that have been completely sequenced and would therefore detect more 
than one copy of an RNase P protein subunit in any given genome. Included in the 
105 hits are the RNase P polypeptide subunits for bacteria listed with multiple 
accession numbers in claim 1 . Examples of these include Streptomyces coelicolor 
(A3 (2)) and Mycobacterium tuberculosis (H37Rv). The data from the COG 
database provides additional support for the assertion that there is only one RNase 
P polypeptide subunit for each bacterial species. 

The Examiner also points out that there is no statement in the Declaration of 
Dr. Gopalan that the N. gonorrheae and Porphyromonas gingivalis enzymes assays 
are the same as SEQ ID NOs: 27 and 3 1 . A second Declaration of Dr. Gopalan is 
attached, attesting to the fact that the enzymes used in the assays described in the 
previously submitted Declaration, are, in fact, the exact same enzymes as SEQ ID 
NOs: 27 and 31. 
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In conclusion, the facts in the present case, when combined with the 
additional declaration as requested by the Examiner, demonstrate that the 
specification clearly satisfies 35 U.S.C. § 1 12. 

Rejection of claims 8-1 L 13-14 and 18-21 under 35 U.S.C. § 1 12, first paragraph 

Claim 8-11, 13-14, and 18-21 are further rejected under 35 U.S.C. § 1 12, 
first paragraph for lack of enablement. The Examiner states that while claim 8 
defines what is considered an antibiotic agent, the specification does not teach that 
such an agent is an antibiotic agent that will inhibit the growth of a microorganism, 
as is generally recognized in the art. Therefore, the Examiner concludes that the 
specification does not enable one of ordinary skill in the art to identify an antibiotic 
agent. 

Amended claim 8 is directed to a method of identifying an agent which may 
be useful as an antibacterial agent and is reproduced below. 

8. A method of identifying an agent, which may be useful as 
an antibacterial agent, said method comprising: 

i) obtaining an RNase P holoenzyme comprising the 
polypeptide of claim 1 ; 

ii) contacting said holoenzyme with an RNase P substrate in 
the presence and in the absence of a compound; and 

iii) measuring the enzymatic activity of said holoenzyme; 
wherein a compound is identified as an agent which may be useful as 
an antibacterial agent if said compound produces a detectable 
decrease in said RNase P enzymatic activity as compared to activity 
in the absence of said compound. 

The specification describes assays used to screen for compounds that inhibit 
the activity of the RNase P holoenzymes. RNase P is a key enzyme involved in the 
biosynthesis of tRNA. RNAse P is required for bacterial cell viability in vivo. 
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According to Stedman's Medical Dictionary, 25 edition, an antibiotic is, "a soluble 
substance derived from a mold or bacterium that inhibits the growth of other 
microorganisms." By definition then a compound that inhibits the activity of an 
enzyme required for cell growth would destroy or inhibit the growth of a 
microorganism. If an enzyme is required for cell growth, then inhibition of the 
enzyme would inhibit cell growth, which satisfies the definition of an antibiotic. 
Clearly, a screen for compounds that inhibit the activity of the RNase P holoenzyme 
is intended to identify compounds that fall under the art known definition of an 
antibiotic. 

However, to further clarify this point, applicants have amended claim 8 to 
specify that the agent may be useful as an antibacterial agent. Support for this 
amendment can be found on page 23, lines 25-27 of the specification, which 
describes the antibacterial activity of inhibitory compounds identified using the 
method of claim 8. 

Such inhibitors have the advantage of providing a selective 
antibacterial treatment that reduces the adverse side effects 
associated with killing nonpathogenic bacteria, (emphasis added) 

In view of the amendment to claim 8, and for the reasons outlined above, claims 8- 
11, 13-14, and 18-21 are clearly enabled and this rejection should be withdrawn. 

Rejection of claim 1 under 35 U.S.C. § 102 

Claim 1 is rejected, under 35 U.S.C. § 102(b), as being anticipated by Gress 
(WO 99/1 1653), Guth (EP 0 811 688), Altaian (The RNA World, 2:1 155-1 184, 
1999, and FASEB Journal, 7:7-14, 1993), Frank (Annu. Rev. Biochern., 67:153-180, 
1998), Gopalan (J. Mol Biol, 267:818-829, 1997), Pace (/. BacterioL, 177:1919- 
1928, 1995), Pascual (Proa Natl. Acad. Sci. USA, 96:6672-6677, 1999), or Peck- 
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Miller (J. Mol Biol, 221:1-5, 1991). The Examiner maintains this rejection 
because, according to the Examiner, applicants have not shown that the RNase P in 
the database is that excluded by the instant claim. 

These above-cited references focus on the following bacterial RNase P 
subunits or complexes from the following bacteria: S. pneumoniae (Gress), 
Staphylococcus aureus (Guth), E. coli (Altaian, 1999), E. coli, Baccillus subtilis, 
Proteus mirabilis, Streptomyces bikiniensis, and Micrococcus luteus (Altaian, 
1993), E. coli, Baccillus subtilis (Frank), E. coli, Buchnera aphidocola, Coxiella 
burnstii, Haemophilus influenzae, Proteus mirabilis, Pseudomonas putida, 
Mycoplasma capricolum, Mycobacterium leprae, Micrococcus luteus, Streptomyces 
coelicolor, and Bacillus subtilis (Gopalan), E. coli and Baccillus subtilis (Pace), E. 
coli and Synechocystis (Pascual), and E. coli (Peck-Miller). As described above 
and in the previous Declaration of Dr. Gopalan, there is only one RNase P 
polypeptide in each bacterial species. The different accession numbers for some 
RNase P polypeptide sequences is due to multiple deposits of the same sequence. 
The Examiner has requested that additional proof to support this statement. 

Applicants submit the attached second Declaration of Dr. Gopalan demonstrating a 
search of the 131 genomes of the COG database for COG594 (the assigned number for 
the RNase P protein subunit) using the Comparative Genomics web tool found at the web 
site for the Virtual Institute for Microbial Stress and Survival (VIMSS) supported by the 
U.S. Department of Energy Office of Science ( http://vimss.lbl.gov/) . This tool searches 
only genomes that have been completely sequence and would therefore detect more than 
one copy of an RNase P protein subunit in any given genome. This search produced 105 
hits (a copy of these results is attached as Exhibit D). Each of the bacteria listed in the 
105 hits shows only one complete sequence for the RNase P polypeptide subunit. 
Included in the 105 hits are the RNase P polypeptide subunits for bacteria listed with 
multiple accession numbers in claim 1. Examples of these include Streptomyces 
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coelicolor (A3(2)), B. subtilis, and Mycobacterium tuberculosis (H37Rv). The data from 
the COG database provides additional support for the assertion that there is only one 
RNase P polypeptide subunit for each bacterial species. 

In addition, claim 1 specifically states, "wherein said polypeptide is not a 
polypeptide from one of the following organisms... (emphasis added)." While 
applicants again point out that there is only one RNase P polypeptide subunit for 
each bacterial species, the claim excludes any RNase P polypeptides from the 
specified organisms, regardless of the number of such RNase P polypeptides. As a 
result, any and all RNase P polypeptides from the specified organisms would be 
excluded as a limitation of claim 1 . 

In view of these clarifying remarks, it should now be clear that the RNase P 
polypeptides disclosed in the above-mentioned references do not fall within the 
scope of claim 1 and this rejection may now be withdrawn. 

Rejection of claims 8, 10, 1 L 13, and 14 under 35 U.S.C, § 103(a) 

Claims 8, 10, 11, 13, and 14 are rejected, under 35 U.S.C. § 103(a), as being 
unpatentable over Potuschak (Nucl Acids Res. 21:3229-3243, 1993), Mikkelsen 
(Proc. Natl Acad. Scl, USA, 96:6155-6160, 1999), or Schroeder (EMBOJ., 19(1): 
1-9, 2000), in view of Spitzfaden (J. Mol Biol 295:105-115, 2000). The Examiner 
states that it would have been obvious to identify an antibiotic agent by seeing if it 
decreased the activity of RNase P on a RNase P substrate in view of the references 
above. 

Claim 8 is directed to a method of identifying an antibiotic agent using an 
RNAse P holoenzyme that includes a polypeptide of claim 1 . Polypeptides of claim 
1 have an RNase P consensus sequence, which as outlined above, is defined as, "a 
sequence which. . .shows conservation of at least nine of the following specified 20 
amino acid residues in the E. coli RNase P protein subunit: Rl 1, LI 2, F18, R46, 
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G48 5 V51, K53, K54, A59, V60, R62, N63, K66, R67, R70, L80, D84, V86, L101, 
and LI 05." None of the references cited by the examiner describe a polypeptide 
having an RNase P consensus sequence or the use of such a polypeptide to identify 
an antibiotic agent. 

For the reasons provided below, applicants contend it would not have been 
prima facie obvious to use a bacterial RNase P holoenzyme including an RNase P 
polypeptide of the invention to identify antibiotic agents, as claimed in claims 8, 10, 
1 1, 13, and 14. To establish a prima facie case of obviousness of a claimed 
invention, all claim limitations must be taught or suggested by the prior art. In re 
Royka, 490 F.2d 981, 180 U.S.P.Q. 580 (C.C.P.A. 1974). 

To establish a prima facie case of obviousness, three basic 
criteria must be met. First, there must be some suggestion of 
motivation, either in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings. Second, there must be 
a reasonable expectation of success. Finally, the prior art reference 
(or references when combined) must teach or suggest all the claim 
limitations. The teaching or suggestion to make the claimed 
combination and the reasonable expectation of success must both be 
found in the prior art, and not based on applicant's disclosure. In re 
Vaeck, 947 F.2d 488, 20 U.S.P.Q.2d 1438 (Fed. Cir. 1991). 

These criteria are not satisfied in the present rejection of claims 8, 10, 11, 13, and 
14, for obviousness. 

Spitzfaden describes the structure determination of the RNase P protein from 
Staphylococcus aureus by NMR spectroscopy and the localization of the RNA 
binding site. The RNase P polypeptide subunit of S. aureus is specifically excluded 
by claim 1 . Spitzfaden does not describe an RNase P consensus sequence or a 
polypeptide having such a sequence, nor does Spitzfaden identify the 20 critical 
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amino acids or the subset of 9 amino acids required by the present claims to identify 
an RNase P protein subunit. Finally, Spitzfaden does not teach the use of an RNase 
P holoenzyme having such a polypeptide subunit to identify antibiotic agents. 

Potuschak explores the similarities between two mouse ribonucleoproteins, 
RNase MRP and RNase P using two different antibiotics, puromycin and 
cycloheximide. Potuschak demonstrates that puromycin can inhibit the activity of 
both mouse enzymes while cycloheximide has no effect. Potuschak also uses E. 
coli RNase P holoenzyme purified from a crude bacterial extract to demonstrate that 
E. coli RNase P can cleave the substrate for RNase MRP and again demonstrates 
that the two enzymes are similar in their ability to cleave the same substrate. 

The Potuschak reference does not disclose a polypeptide having an RNase P 
consensus sequence nor does it teach the use of a bacterial RNase P holoenzyme 
having such a polypeptide subunit to identify antibiotic agents. In addition, claim 1 
specifically excludes the E. coli RNase P used by Potuschak. 

The Schroeder reference is a review that covers the modulation of RNA 
function by antibiotics, such as the aminoglycoside family of antibiotics, that bind 
RNA. In this review, the authors refer to the Mikkelsen reference also cited by the 
Examiner for this obviousness rejection. The Mikkelsen reference demonstrates the 
ability of aminoglycosides to interact with and inhibit the enzymatic activity of the 
RNA subunit of the E. coli RNase P holoenzyme. Antibiotics tend to bind 
promiscuously to RNAs and the Mikkelsen reference is directed to understanding 
how a particular family of antibiotics functions in relation to various specific RNA 
molecules. The Mikkelsen reference does not disclose a polypeptide having an 
RNase P consensus sequence (again, the E. coli RNase P is specifically excluded by 
claim 1), nor does it teach the use of an RNase P holoenzyme having such a 
polypeptide subunit to identify antibiotic agents. 
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The references cited by the Examiner describe the determination of the 
structure of a previously identified RNase P protein subunit and the modulation of 
several RNase P proteins by reagents such as aminoglycosides, puromycin, and 
cyclohexamide. Importantly, however, the RNase P holoenzymes described in 
these references do not include any of the RNase P polypeptides claimed in the 
present invention. The cited references also fail to describe a method using such 
polypeptides to identify an agent, which can be used as an antibiotic agent. The 
Potushak, Schroeder, Mikkelsen, and Spitzfaden references do not describe the 
polypeptides of the invention, nor do they describe the use of such polypeptides in a 
screen for antibiotic agents. Since the references do not describe the polypeptides 
of the invention, they cannot render the use of such polypeptides to identify an 
antibiotic agent obvious. These references do not teach or suggest all the claim 
limitations and therefore cannot render the claimed invention obvious. For this 
reason, the rejection should be withdrawn. 

In addition, dependent claims 10 and 1 1 further specify that an antibiotic 
agent is identified using an assay for enzymatic activity of the RNase P holoenzyme 
that includes a fluorescently tagged ptRNA Gln or the use of fluorescence 
spectroscopy. Methods for labeling ptRNA Gbl with a fluorescent tag and methods 
for measuring the enzymatic activity by fluorescence spectroscopy are described, 
for example, on pages 19 to 23 of the specification. 

Nowhere is such a screening method disclosed or suggested by the cited 
references. The focus of Spitzfaden is the structure of the S. aureus RNase P 
protein and it does not include any sort of assay for RNase P activity. The RNase P 
assays disclosed by Potushak and Mikkelsen use a radiolabeled RNase P substrate. 
None of the references teach or suggest the use of a fluorescently tagged 
oligonucleotide for measuring the amount of either the remaining intact RNase P 
substrate or the cleaved substrate, as required by claims 10 and 1 1. As the cited 
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references do not render claim 10 or 1 1 obvious, this rejection of these claims 
should be withdrawn for these reasons as well as the reason cited above. 

Rejection of claims 1,2, 8-1 L 13-21. and 29 under 35 U.S.C. $ 103(a) 

Claims 1, 2, 8-11, 13-21, and 29 are rejected, under 35 U.S.C. § 103(a), as 
being unpatentable over either of Spitzfaden (J. Mol Biol 295:105-115, 2000), 
Gopalan et al. (/. Mol Biol, 267:818-829, 1997) or Thompson et al. {Nucleic 
Acids Research, 22:4673-4680, 1994). The Examiner again states that the instant 
claims do not contain any rule as to what residues are considered essential, nor is 
there any indication of activity in SEQ ID NOs: 20-38. Applicants assert that, as 
stated in the arguments under the § 1 12, written description rejection, the rule for 
determining which polypeptides are RNase P protein subunits is defined in the 
specification, and in amended claim 1 , as a sequence which conserves at least nine 
of the following twenty amino acids: Rl 1, L12, F18, R46, G48, V51, K53, K54, 
A59, V60, R62, N63, K66, R67, R70, L80, D84, V86, L101, and L105. The results 
demonstrating the RNase P activity of polypeptides identified using the methods of 
the present invention are also discussed in detail above under the § 112 enablement 
rejections. 

The standard for a prima facie case of obviousness has been set forth in In re 
Vaeck, supra, as described above. "To establish a prima facie case of 
obviousness. . . .the prior art reference (or references when combined) must teach or 
suggest all the claim limitations." In re Vaeck, supra. This criteria is not satisfied 
in the present rejection of claims 1, 2, 8-1 1, 13-21, and 29 for obviousness. 

Thompson describes parameters and modifications used to design an 
improved sequence alignment program. This reference describes general alignment 
methods and algorithms used for sequence alignments. Thompson does not in any 
way mention RNase P protein subunits or an alignment of RNase P protein subunits. 
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Spitzfaden describes the structure determination of the RNase P protein from 
S. aureus and an analysis of the RNA binding site on the protein surface. 
Spitzfaden includes an alignment of RNase P protein species from 1 1 known 
prokaryotic species. As stated in the attached Declaration of inventor Dr. Venkat 
Gopalan, identification of the nineteen sequences listed in Exhibit E as sequences of 
RNase P subunits was carried in the United States prior to January 7, 2000. The 
sequence alignment in Exhibit F of the nineteen RNase P protein sequences with 
sequences of previously known bacterial RNase P protein subunits was used in the 
identification of an RNase P consensus sequence. This consensus sequence 
includes Rl 1, L12, F18, R46, G48, V51, K53, K54, A59, V60, R62, N63, K66, 
R67, R70, L80, D84, V86, L101, and L105 of E. coli RNase P. The identification 
of this RNase P consensus sequence was carried in the United States prior to the 
January 7, 2000 publication date of Spitzfaden. Because the claimed invention was 
reduced to practice prior to the publication of Spitzfaden, Spitzfaden cannot 
constitute prior art to the present claims under 35 U.S.C. § 102. 

The above notwithstanding, Spitzfaden does not mention the use of a 
consensus sequence to identify novel RNAse P protein subunits, nor does 
Spitzfaden identify the 20 critical amino acids or the subset of 9 amino acids 
required by the present claims to identify an RNase P protein subunit. 

Gopalan et al. describes the mutational analysis of the protein subunit of 
RNase P to examine the relevance of specific amino acids to the functional activity 
of the enzyme. Figure 2 of this reference shows the alignment of 12 known RNase 
P protein subunits used to identify common amino acids that may be relevant for 
enzymatic activity. This alignment does not identify the 20 amino acid consensus 
sequence that was identified in the present application, nor does it mention the 
relevance of the 9 amino acids that are also identified in the present application. In 
fact, as stated on page 825, the alignment revealed a "low degree of sequence 
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identity among the 12 RNase P protein sequences." The spatial conservation of the 
9 out of 20 amino acids identified in the present application was also not suggested 
as the three-dimensional structure of RNase P had not yet been resolved (page 824). 
Not only does Gopalan et al. fail to identify or suggest the relevant 9 or 20 amino 
acids, Gopalan et al. also does not suggest the use of the common residues identified 
in the alignment to identify novel RNase P protein subunits. 

The references, taken either individually or together, do not teach or suggest 
all of the limitations of the claims of the present invention. Therefore, the criteria 
for an obviousness rejection have not been met in the present case and this rejection 
should be withdrawn. 
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CONCLUSION 

In summary, applicants submit that the claims are now in condition for 
allowance, and such action is respectfully requested. 

Enclosed are a Petition to extend the period for replying to the final Office 
action for three months, to and including June 24, 2004, and a check in payment of 
the required extension fee. 

If there are any charges or any credits, please apply them to Deposit Account 
No. 03-2095. 



Respectfully submitted, 




Clark & Elbing LLP 
101 Federal Street 
Boston, MA 02110 
Telephone: 617-428-0200 
Facsimile: 617-428-7045 
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Primed l ame of person mailing correspondence 

1N the UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicant: Venkat Gopalan et aL Art Unit 1652 

SerialNo, 09/516,061 E*arni*er. Charles L. Patterson Jr. 

Filed: March 1,2000 Customer No.: 21559 

Title- NOVEL BACTERIAL RNASE P PROTEINS AND THEIR USE IN 

IDENTIFYING ANTIBACTERIAL COMPOUNDS 

Mail Stop Amendment 
Commissioner for Patients 
P.O.Box 1450 
Alexandria, VA 22313-1450 

^ ^ a ttctm HR VE NKAT OOPM AN f TNDFR T7 C F.fr. § 1-13 1 
I, Venkat Gopalan, declare that 

1 . I am an inventor of the invention described and claimed in the 
above-identified patent application. 

2. In response to the Examiner's request for additional proof that there is only 
one RNase P polypeptide in each bacterial species, I submit data from the Clusters of 
Orthologous Groups of Proteins (COG) database (www.ncbi^-nilLgov/cog). The COG 
database is a government supported database that provides a phylogenetic classification 
of mo proteins encoded in complete genomes including bacterial, archael, and eukaryotic 
genomes. Each cluster group, or COG, is assigned a number ahd consists of an individual 
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protein from at least 3 lineages. The RNase P polypeptide subanit has been assigned 
COG594. 

3 u^fheCo^tiveCSenomios^btoolWatfewehsHeforfte 
VinoallnstitnteforMicrobi^ 

Department ofEnergy Office of Sdence Qap^Jl^ 131 
genomes of the COG database for COG594. 

4 Tmsse^chproducedlOSMB.Eaehoftbebaeterialis^mthelOSbte 
aows only one comptee sequence for me IN- > polypeptide subunit A copy of these 
results is attached as Exhibit D. 

5 Included m the 105 hits are tie RNasc P polypeptide sutanits for bacteria 
. listed with multiple accession rmmbers in claim 1 . Examples of toe include 

Strepwmyces codicalor (A3<2» ^Mycobacterium tuberculosis (H37Rv). 

6 I further cemfy that the amino acid sequences for the N, goncrrhoaen and 
P ^to^Ppolype^desuburAusedintheexper^ 
Decte donsubminedon August*, 2003 are identical to the sequences listed for the «. 
gonorrhea and P. gingivoHs Knase P polypeptide subunit in the specification as SEQ ID 
NOs: 27 and 31, respectively. 

7 Claim 1, as amended in the present reply to Office action, recites 

FU. R46. G48, V51. A59, V60. R62, N63. R67, R70, L80, D84, V86, 

L101,andL105. 
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8, I, along with the other inventors, conceived of, and reduced to practice, the 
Lbject matter of claim 16 in the United Stales prior to January 7, 2000. 



sui 



9. The reduction to practice of the claimed invention is evidenced by Exhibit 
E and F annexed hereto. The dates of electronic tiles containing Exhibit E and Fare prior 
to January 7, 2000. Exhibit E contains the nucleic acid and translated amino acid 
sequences of nineteen RNase P subunits. The identification of these sequences as 
sequences of RNase P subunits was carried in the United States as described in the j 
present application prioT to January 7, 2000. * 

ExhibitF contains a sequence alignment of previously known bacterial RNase P 
protein subunits and RNase P sequences of the present invention using the ClustalW 
alignment prog^m. Residues mat were determined to be part of an RNase P consensus 
sequence are mghligbted. These residues include Rl 1. U2, F1S, R46, G48, VS1, K53, 
K54, A59, V60.R62, N63, K66, R67, R70, L80, D84, V86, L101. and L105 of £ coli 
RNase P. Thus, the identification of this RNase P consensus sequence was carried in the 
United States as described m the application prior to January 7, 2000. 

10. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patents issued thereon. 



Date: — 



Venkat Gcpalan, Ph.D. 
Assistant Professor 
Department of Biochemistry 
Ohio State University 
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Analysis of the Functional Role! of Conserved 
Residues in the Protein Subunit of Ribonuclease P 
from Escherichia coli \ 
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The processing of precursor tRNAs and some other small cellular RNAs 
by Ml RNA, the catalytic Subunit of Escherichia coli ribonuclease P, is 
accelerated by C5 protein (tne protein cofactor) both in vitro and in vivo. 
In an effort to understand the mechanism by which the protein cofactor 
promotes and, stabilizes certain conformations of Ml RNA that are most 
efficient for RNase P cataly&fe, we have used site-directed mutagenesis to 
generate mutant derivatives! of C5 protein, and assessed their ability to 
promote RNase P catalysis in vivo and in vitro. Our results indicate that 
certain conserved hydrophobic and basic residues in C5 protein are im- 
portant for its function and ihat single amino acid residue changes in C5 
protein can alter the substrate gpecindty of dre RNase P holoerutyzne. 

i © 1997 Academic Press Limited 

Keyword?: RNase P protein silbunic; site-directed mutagenesis 



Introduction 

RJbonuclease P (RNase P) is an endoribonuclease 
that cleaves the S'-termlnal Leader sequences of pre- 
cursor tRNAs (ptRNAs: Figure 1; Altman at at., 
1995; Pace 6c Brown, 1995). In addition to ptRNAS, 
RNase P from Escherichia coli can cleave other en- 
dogenous substrates such as the precursors to 4.5S 
RNA and IOSa RNA (Bothweil ?t ah, 1976; Koroine 
et aL, 1994). RNase F tin conjunction with RNase E) 
is also involved in the processing of the polydstro- 
oic mKNA'of the histidine operon in Salmonella /y- 
phimurium (AJifano et al. t 1994). The RNase P 
hoioenzyme of E. coli consists of a catalytic RNA 
subunit (Ml RNA, 377 nucleotides) and a protein 
subunit (C5, 119 amino acid residues). Under cer- 
tain conditions in vitro, Ml RNA can catalyze the 
hydrolysis 'of ptRNAs even, in the absence of C5 
protein; however, both Ml RNA and C5 protein 
arc essential for the activity of RNase F in vivo. In 
contrast to the RNA subunits of RNase F from bac- 
teria, those of RNase P from Archsea and Eukarya 

Present address; A. D, Baxevarus, Computational 
Genomics Core, Genome Technology Branch, Marion* I 
Center for Genome Research, National Institutes of 
Health, Bcthcsdo, MD 20892, USA. 

Abbreviations used; RNase P, ribonuclease P; 
ptRNAs, precursor tRNAs; ts, temperature sensitive; 
rPTG, isopropyl-(3-l>thiogaIactopyranoside; p4.55, 
prtccunsor to 4.5S RNA; s*, single-stranded. 



fail to! exhibit catalytic activity in vifro in the ab- 
sence Af their protein sub units. 

Stucties performed with different substrates and 
Ml RIJJA, in either the presence or absence of CS 
proteirL have revealed chat Ml RNA is a more effi- 
cient Jnd versatile enzyme in the presence of the 

Erotoirl cofactor (Gucrrier-Takada et q1„ 1983; 
umeliky <Sc Altaian, 1958; Reich iff al, J988; Feck- 
MilJer Altman, 1991). Defcermwticmi of kinetic 
parameters for th* hydrolysis of numerous sub- 
strates 'by Ml RNA alone and the RNa&g P nonen- 
zyme has revealed that Ml RNA (by itself) can 
achieve the most efficient conformation for recog- 
nition pf some substrates, while for some others it 
requires the C5 protein (Kirscbom & Altman, 1989; 
Peck-Miller &z Altman, 1991; Kirsebom <Sc Svard, 
1992). Furthermore^ the presence of C5 protein can 
alleviate the deleterious effect of mutanxons On the 
activity of Ml RNA in different parts of the Ml 
RNA rfiolecuJe (Lumelsky & Altman, 1988). There- 
fore, C5 protein must engage in specific alterations 
wth tf-i« catalytic RNA 9ubuxiit to srabilize certain 
conformations of Ml RNA favorable for catalysis 
and thus play a critical role in recognition /binding 
of some substrates by the RNase P holocnzyme. 

The amino acid residues in CS protein respon- 
sible for the various effects on Ml RNA catalysis 
have not been idenh'fied. Here we have used site- 
directed mutagenesis to examine the role of con- 
served residues in C5 protein with regard to 
RNase P activity in vivo and in vitro. 
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Results 



Rationale 



There are a few conserved basic end hydro- 
phobic residues which contribute to the limited 
identity observed among different prokaryotic 
RNase P protein subunits (Figure 2). However, 
there-are several positions in the polypeptide chain 
at which the physicodiemical properties of the resi- 
dues are similar. None of the consensus RNA-bind- 
fng motifs (Burd & Dreyfuss, 1994) Identified in 
other RNA-binding proteins is present In C5 pro- 
tein, However, since arginine-rich sequences in 
bacteriophage/ viral, And nbosomal proteins «re 
thought to mediate RNA recognition (La;dn9ki 
et aL f 1989; Burd &c Dreyfus, 1994), it is noteworthy 
that there Is a stretch of ten residues jjn C5 protein 
(from position 60 to 70) that Is rich in arginine and 
lysine residues. 

The affinity of C5 protein for Ml RNA increases 
500-fold as the ionic strength is increased from 0.1 
to 1.0 M NH*CL (Talbot & Aitman, 1994). The salt 
dependence of the C5 protein-Mi RNA interaction 
suggests that hydrophobic interactions play a role 
in holoenzyme formation. Also, recent crysfcaUo- 



Figure 1. Secondary structure of 
pfcRN"A T r r and p4-SS RNA, sub- 
strates of E. caii RNase P. The site 
Of RNase P-mediated cloavag? in 
these substrates is indicated by 
arrowheads. 



graphic studied provi d c evidence for a romadc 
amino add residues in RNA-binding proteins 
stacking on RNA bases in their RNA Uganda (Ou- 
bridge ct al. r 19^4; Nagai, 1996). Therefore, in this 

study, emphasij hos been placed on. altering aro- 
matic residues ih addition to certain basic residues 
in C5 protein, j 

Genetic complementation 

The mutation R46H in the chromosomal gene 
encoding C5 protein results in a temperature-sensi- 
tive (ts) phenotype in E. coli (Schedi & Primpkoff, 
1973; Kirsebom?^ nl., 198S). Recently, en £. coli 
strain, T7A43, which contains both the rwpA49 mu- 
tation (i.e, C5 R46H) and the T7 RNA polymerase 
gene in its chromosome was constructed (Guerricr- 
Takada cf al., 1995). Transforrruaripn of these cells 
with a plasmid 'bearing the gene encoding wild- 
type C5 protein can rescue this mutation and abol- 
ish the ts phenotype* The various mutant deriva- 
tives of C5 protein (subcloned in the some vector 
as the wild-type C5 protein and under control of 
the T7 RNA polymerase promoter) were analyzed 
fur their ability tb complement the R46H mutation 
in T7A49 celU. Fn X DE3 lysugeru? (such as T7A49 
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Fissure 2. Multipk alignment of sequences of protein subunito of RlMase P from Bacteria using Clustal W CThompson 
ef ff{ 199*)- Sequences are grouped as Crwti negative and Cram riDsitJvc The numbering 3cheme at the top ctxe 
Fi^ T^sed on Che sequence Of Che protein s&urut of £. oa/t R%a P and th« numbers precedes <^^^^ 
mli^te the position ojf tti forst ebown ?«id U e for that sequence. Idimticaj and conserved regions were calculated for 
^^oup l^d, icUrvtify pcBitl.n, in the Si^nmem the rcsidup for all the se^enca zire iden- 

tittl. ft»fftora with absolute conservation have a dark background/ while those po^ons ^^J^X.^^^ 
^bUt^ans have a gray backgrouxid. The ^cquepces of the protein subujijts of RNase P from ESCteridtm coll, Budt- 
nern opJiidicoIn, CoxiiRa burnetii, HaemoiMvs influenzae, Profcuv mirabith, Pscudomenas putlda, Mycop/ffsma caprteoiuillr 
MycabacttrfM 1 leprae, Micrococcus tvtcul SLrcptomyc*, bijeinhnti*, Str^ptvm^B whcolor, and Bficillus subtftts were used 
in this alignrnent. 



cells) the T7 RNA polymerase gene is under the 
control of an isopropyl-P-D-thiogalactopyranoside 
(IPTG)-ijndurible lac UV5 promoter, which allows a 
low level of transcription even in the unindueed 
state- Therefore, our complementation analyses 
were performed in the absence of IPTG. 

The results of our complementation smaJyses axe 
strmjnarized in Tabic 1. In general, altering the 
identity of tbe conserved residues exerts a moder- 
ate to sevejte effect on. the nctivity of the protein 
in vivo. Wrule substitution of some of the con- 
served hydrophobic residues individually with Ala 
had only a moderate effect on their function in vivo, 



changing two hydrophobic residue simul- 
taneously to AJa resulted in a very drastic effect. 
For example, the single mutants C5 F22A, C5 
arid C5 W109A can partiaUy rescue the te 
phenotype of the T7A4S cells ^hile the double mu- 
tants C5 F22A/W109A and C5 F73A/W109A faU 
to exlbibit any activity in vivo (Table 1). Trie altera- 
tion of ! positively charged residues (such as R62A 
or R67A) had a moderate effect on the ability of C5 
protein to rescue the te phenotype of T7A& cells. 
Here we have not constructed any double mutants 
in which two basic residues were altered simul- 
taneously. Also, the mutants C5 R57P and C5 
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Table 1. Results of RNass P assays using C5 protein or its mutant cTcrivati 

p4.5SjRNA 

Relative activity (%) 
43fC 



Relative initial velocity (%) 
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fl4 
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SO 
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IS 



T7A4S 

Cotnpl(£iTTentahon* 
43*C 



pN3telrt u-5cd to 

reconstitute 
with Ml RNA 

WUd-type C5 
FlSA 
F22A 
F73A 
W109A 
F15W, W10VF 
W109A 
F7SA, F22A 
F22Ay W109A 
F18A.F73A 
F73A, W109 A 

N63V 
K66A 

K37A ~ „ ( _ 

• Mutants have h**n classified qualitatively into tlvcc categoric boacd on thiir ablliry ro rescue the ts phenotype 
of 77A49 cells grown in liquid media. If Hie complementation observed urtth JK« mufcint P*°^wi was comparable 
co chat of ttw wnw-typc protein, the mutants Were drafted w + 1- ; chd mucancs which behaveC like the 
unaranrifonnecj T7A49 cells and showed a complete Ira of growth *&*r two hours of h«t ehock were ^«^cd 
a« There le an intermediate ckawficatigri defined as +, whteh refers to 1 mutants mat were able to either 
weakly or moderately rescue the ts phenocype. Thlst classification into thrie groups, although arbitrary, haa 
enabled up bo determine if mutob'oru introduced tn C5 pro rein had a severe; (Ecioderate, or ruf effect on the activ- 
ity of tiic protefcn /n wuo. MD, not d«tBrm(n«d\ \ 
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N63F were not able to rescue the ts phenotype of 
77A49 cells (data not shown). 



RNase P assays using C5 protein or its 
mutant cferivatlvae 

We examined the ability of the various mutants 
to participate in RNase P catalysis in vitro. Wild- 
type C5 artd its mutant derivatives were purified 
subsequent to their overexpression in an E. coli 
strain, BL21 (DE3), a X, lysogen in which expression 
of the T7 RNA polymerase gene is regulated by 
the lac XJV5 promoter' Fractionation of the crude 
cell extracts revealed that many of the overex- 
pressed mutant proteins were present (to varying 
extents) in the P30 (the pellet obtained after cen- 
rxifugariori at 30,OOOg) unlike the wild-type C5 pro- 
tein, which, fractionates to the 530 (the supernatant 
obtained after cOTtrihigacion at 30,000#). It is poss- 
ible that these mutant derivatives of C5 protein, 
when overexpressed in BLZ1 (DBS) cells At 37°C 
aggregate and form inclusion bodies. A purifi- 
cation procedure has been described by Baer et al* 
(1989) for Isolating C5 R46H from the P30. We 
have employed the' same procedure (with £oxne 
modifications) Co purify tho various mutant deriva- 
tives that were constructed in this study (see Ma- 
terials and Methods). Although the purification 
procedure involves the use of a strong denaturing; 
agent, we have verified using spectroscopic tech- 
niques that several of these mutants thus isolated 
do regain structure after the step-wise removal of 
urea (Gopabm et ah, 1997). Ail the mutant deriva- 
tives of CS protein were purified to near homogen- 



eity as judged by silver steirung of SDS- 
polyacryIamide 4 gels. 

True various [mutant derivatives of C5 protein 
were reconstituted with wild- type MX RNA and 
the ability of these holoenzymes to cleave the pre- 
cursors to tRT^A Tyr (ptRNA T >") and 4.55 RNA 
(jp4.5S RNA) Was examined. A vast excess (200- 
fold) of the prcjtein relative to Ml RNA was used 
to ensure that rtoloenxyme (Ml RNA -f- C5 protein) 
assembly was favored even with those mutant de- 
rivatives of C5| protein that might exhibit RNA- 
binding defects) We performed RNase P assays at 
30°C and 43°C ko ch*ck for the*ino&ensirJvity. The 
results of these assays are depicted in Figure 3 (for 
cleavage of ptRNA fyr ) and Figure 4 (for cleavage 
of p4,5S RNA). ; 

Altering ajcrurfo acid residues in C5 protein eb'dts 
various effects dn RNase P catalysis. There are mu- 
tants (such as C5 FIB A, C5 F22A, and C5 R62A) 
which can cleave ptRNA Tyr fairly efficiently but 
not p4.5S RNA (compare lanes 3, 4 and 14 in 
Hgure 3 A versus Figure 4A). Some mutants display 
a decrease in activity with increase in assav tem- 
perature from 30°C to 43°C (for example, C5 
F22A/W109A; compare lane 10 in Figure 3A versus 
3B). TTiere are at least two mutants (CS F16A/ 
W109A and C5 F73A/W109A) which are severely 
defective in promoting RNase F activity with either 
substrate at both 30°C and 43 U C (Figure 3A apd B, 
lanes 8 and 12). 

Tlie initial velocity for hydrolysis of ptRNA yr 
was rneasurcd for the mutant holoenzymes and 
compared with Vhat of the wild- type holoenzyme 
(Table 1). The initial velocity observed, for the wild- 
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Figure 3- Effect of mutations 
in C5 protein on the activity 
of tha JZN**<? P holoonzymct 
with prRNA 1 "*' as the substrata, 
Holoen*yrri|C3, composed gf Ml 
RNA (I nM) and cither wild-type 
C5 protein or its mutant derivatives 
(200 nM), were reconstituted and 
then assayed for activity at elther 
30 U C (A) or 43"C (B), For more 
details, refer to Materials and 
Method^. 



figure 4. Effect of mutations in 
CB protein on the activity of the 
RlVooc P holocnryrotc with p4.5S 
RN/°v as the subbtrate. Holoen- 
zymes, composed pf Ml . FWA 
(I nM) and either wild-type C5 
protein or its mutonc derivatives 
(200 nM), vcrc reconstituted find 
than assayed for activity at cither 
30"C (A) ur 43 C (6) For more 
details, refer to Materials and 
Methods. 
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type holoenzyme at 30 U C and 43°C are 12 min 1 
and 36 min" 1 , respectively. The initial velocities ob- 
served with the mutant holoenzymes are reported 
as the relative activities compared to that of the 
wild-type holoenzyme (Table 1). While alteration 
of some of the conserved hydrophobic residues 
(for example, F16A, F22A, F73A, and W109A) indi- 
vidually resulted in a maximum of threefold de- 
crease in RNase P activity, changing two 
hydrophobic residues simultaneously to Ala ren- 
dered the mutants nearly inactive, especially when 
tbc assay temperature was 43°C, This pattern is re- 
miniscent of the results obtained with the comple- 
mentation assay described above. 

For the hydrolysis of p4.5S RNA by the wild- 
type and mutant RNase P holoenzymes, the mitfal 
velocity was not calculated. The relative activity of 
the mutant holoenzymes, compared to the wild- 
type holoenzyme, is provided in. Table 1 and was 
calculated an the basis of per cent cleavage ob- 
served while assaying for activity with 100 nM 
substrate at 43° C for ten minutes. There were no 
qualitative differences in the relative activiries 
when the same assay was performed with 500 nM 

substrate (data not shown). 

Discussion 

Effect oT mutations fn C5 protein on RNase P 
activity fn vitro 

We have demonstrated that certain hydrophobic 
and basic residues in C5 protein, ans important for 
RNase P catalysis in viva and in vitro and that 
some of the single amino acid changes in C5 pro- 
tein alter the substrate specificity of the RNase P 
holoenzyme. 

The impairment of function (i.e. RNase P cataly- 
sis) observed wjth certain mutant derivatives of C5 
protein could result from: (10 the inability of the 
mutants to fold into a stable tertiary structure, or 
(2) toss of critical nucleic acid/ amino aend residue 
contacts in the holoenzyme complex. Alteration of 
side-chains that are fully or partially buried in the 
wild -type C5 protein structure might result in 
cither local or global destabi ligation of the tertiary 
structure depending on: (1) the ability of the pro- 
tein to adapt to this mutation (via structural re- 
arrangements), and (2) the extent to which the 
cavity, created as a result of the mutation, is dele- 
terious to function (Matthews, 1993; Cordcs el' al. r 
1990). The substitution of solvent-exposed amino 
acid residues (for example, Arg62 or Lys66) with 
Ala would r priori not be expected to perturb the 
tertiary structure of the protein. Since solvent-ex- 
posed residues form the molecular surfaces that 
mediate binding toligande, the alteration of such 
residues in G5 protein might result in loss of con- 
tacts in the holoenzyme complex. 

The observed increase in affinity of C5 protein 
for Ml RNA with increasing ionic strength 
Suggests that hydrophobic interactions play a role 
in holoenzyme assembly (Talbot & Altrnan, 1994). 
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The effects observed with the various mutant de- 
rivatives of Co protein ixv which hydrophobic resi- 
dues have been altered individually, or in pairs, 
implicate these residues as being important for ho- 
loenzyme assembly and function- The replacement 
of conservedj hydrophobic residues individually 
was much Jess detrimental to function than the 
simultaneous [alteration of two hydrophobic resi- 
dues. For instance, when ptRNA YyT served as tbe 
substrate, the [nonenzymes reconstituted with mu- 
tants C5 F18A, C5 W109A, and C5 F16A/W109A 
exhibit initial (velocities of 34%, 6?% and <1%, re- 
spectively, relative to that of the wild-type holoen- 
zyme (Table! I). On the basis of fluorescence 
spectroscopic [analyses performed with wild-type 
C5 protein and its mutant derivative? C5 Fl 8 A, C5 
F73A, C5 F22|A, C5 F18A/F73A, C5 F1SA/F22A, 
and C5 F18W/W109F, we concluded that Fhel8 
and Fhe73 influence the fluorescence emission of 
Trpl09 and tJhjat PhclS and Phe73 arc proximal to 
Trpl09 in the tertiary structure as part of an aro- 
matic core (Gopalan at 1997). It is noteworthy 
that the two mutants C5 F1SA/W109A and CB 
F73A/W109A display negligible RNase P activity 
ot 30° C end 43* C with the two substrates used in 
this study (Figures 3 and 4) and certainly are the 
most severely compromised mutants with regard 
to RNase F catalysts. The fluorescence data taken 
together with our functional analvsis of the various 
mutants suggest that Fhel8/ Phe73, Fhe22, and 
W109 ptey an} important role in maintaining the 
strucruxal cor? of the protein. Studies are in 
progress to determine the stability of the various 
mutant derivatives using circular dichroism 
spectroscopy. [ 

There arc some hydrophobic mutants which dis- 
play a decrease! in activity with mcr<=a*irvg tempera- 
ture. For example, the relative activities (compared 
to that of thd wild-type holoenzyme) observed 
wjth the mutahts C5 F18A/F73A and C5 F22A/ 
W109A are 13% and £3%, respectively, at 30 e C, 
and 2% and Ghfr, respectively, at 43°C (Table 1), 
This result suggests that dcstabilization caped by 
certain hydrophobic mutations manifests in a de- 
fective phenotype only a J: die higher temperature, 
perhaps a reflection of the adaptability ot the pro- 
tein to these alterations at the lower temperature. 
This is consistent with results from various studies 
on the structural responses of proteins to replace- 
ment of amino aod residues, which have revealed 
an unexpected ' degree of tolerance to even see- 
mingly disruptive hydrophobic mutations (Mat- 
thews, 1993; C-ord t es et ah, 1996). 

The mutaxife C5 R62A, C5 K66A, and C5 R67A 
have enabled us to examine the role of some con- 
served basic residues in RNase F catalysis. 
Although mutants C5 R62A and C5 K66A are able 
to efficiently cleave ptRNA Tyr , their ability to 
cleave p4,5S KNA is compromised. Unlike C5 
R62A and C5 f<66A, which do not display a ther- 
mosensitive phenotypc with regard to ptRNA yr 
cleavage; CS K6/A displays higher activity at 3(TC 
(with both substrates tested here) compared to that 
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observed at 43 n C This behavior o£ C5 R67A is re- 
miniscent of that of C5 R46H reported by Bacr et ah 
(1989). The catalytic efficiency of the C5 R46H mu- 
tant holoenzyme was lower than that of the wild- 
type holoenzyme and, it was demonstrated that as- 
sembly of the mutant hoioenzyme was defective 
(Bacr ct al., 1989). Multiple weak, non-covaJent 
bonds play a crucial role in stabilizing macronrol- 
ecular complexes such as the RNase P holoenzyme. 
The absence of such interactions in the mutant 
RNase P hoIoenxymG complexes, containing either 
C5 R67A or C5 R46H, will presumably manifest as 

a chermosensitfve phenotype of function aj activity 
on account of the low stability of the hoioenzyme. 

The alteration of conserved residues in mutants 
such as C5 M63V and CS F73A does not result in 
drastic changes in the m vitro activity of the protein 
(under conditions examined here). Furthermore, 
for the purpose of RNA-pxotein footp anting exper- 
iments, we have prepared some single cysteine- 
substituted mutants (for example, C5 S16C/C113S) 
.that are active bom in vivo and in vitro. All these 
mutants serve as controls to Indicate that not ail 
mutations jure detrimental to the function of the 
protein (data not shown.). 

Altered sudsrrate specificity of certain mutant 
RNase P hotoenzymes 

The mutants C5 F18A, C5 F22A, and C5 R62A 
arc fairly 'efficient in promoting hydrolysis of 
ptRNA 7 ** but not p4,5S RNA (Table 1; Figures 3 

and 4)- The observation that these mutants can 
help Ml RNA cleave ptRNA TyT indicates that these 
mutants do bind Ml RNA, However, the ho I coen- 
zymes that are formed by the interaction of Ml 
RNA and these mutante (individually) must be 
different in their structure compared to the wild- 
type hoioenzyme, as reflected by the narrower sub- 
strate specificity of the mutant holoenzymes. Kin- 
etic analyses ore needed to distinguish whether the 
inability of these mutant hoJoenzymcs to cleave, 
p4.5S RNA is due to weak substrate binding or to 
a slow rate of cleavage. 

Function of mutant derivatives af C5 
protein In vivo 

There is a reasonable correlation between the 
ability of the various mutant derivatives to partici- 
pate in RNafee P catalysis in vitro and that observed 
in vivo (Tabte 1). At 43°C, mutants CS F18A/ 
W109A. C5 FZ2A/W109A, and C5 F18A/F73A are 
severely compromised in their abUity to cleave 
ptRNA r ^ and p4-5S RNA in vitro and are also un- 
able to support growth of T7A49 cells. C5 F2ZA 
and CS R67A, whose ptJRNA Tyr cleavage activity b 
reduced 2.5- to S-foId in vitro, exhibit only moder- 
ate complementation in vivo. 

However, there are some mutants, such as CS 
R62A, which catalyze the cleavage of ptRNA Tyr 
quite efficiently but are able to support only mod- 
erate complementation in uroo. ft is noteworthy 



tha,t C5 R62A does not catalyze the hydrolysis of 
p45S jWA in vitro-, this raises the possibility that a 
defect'in 4.5S UNA biosynthesis might underlie the 
inability of these mutants to fully compfement the 
ts phdnotype. However, since our complementa- 
tion assay examines me ability of T7A49 cells to 
grow it 43 9 C it is possible that heat shock proteins 
which are Induced at 43°C are able to suppress the 
phenotypic effects of a defect in 4.5S RNA biosyn- 
thesis pVood ct ah, 1992). Therefore, any defect in 
4.5S RjvTA biosynthesis (as a result of low RNase F 
activity) might not manifest as a severe growth de- 
fect m1rZA49 cells at 43°C- 

Although an evaluation of in- vitro and in vivo re- 
sults leads to useful inferences, discrepancies in 
correlating in vitro with, in o/oo jreaults may be the 
consequence of several factors. In this report, we 
have feted the activity of certain mutant deriva- 
tives of C5 protein in vitro with two of the sub- 
strates [of RNosc P. This might not be adequate eo 
extrapolate and draw conclusions about the in vivo 
performance of these mutants considering that 
RNase fP acts on as many as 60 different substrates 
in urWand that the effects of CS protein on RNase 
P catalysis are substrate-identity dependent (Kirse- 
bom &d Altman, 1989; Peck-Miller & Altmarv 1991; 
Kirsebom <Sr Svard„ 1992). 

The failure of some of the mutant derivatives to 
complement the ts phenotype of T7A4S cells could 
be due to lower affinity or the mutants, relative to 
wild-type C5 protein, for Ml RNA- Jt is to be ex- 
pected then that overexpression of these mutants 
in T7A49 cells would favor holocrvcyme assembly 
and thus rescue the, ts phenotype. However, the 
IPTCMnduced overexpression of C5 wild-type pro- 
tein (or its mutant derivatives) proved to be toxic 
to the cell regardless of growth temperature (d^t* 
not shoWn). 

Structural predictions of C5 protein 

Tn the absence of a three-dimensional structure 
of C5 protein, it is not possible to explain fully the 
functional phenotypes observed with the mutant 
derivatives of C5 protein. Until X-ray crystallo- 
graphic* or NMR spectroscopic studies establish the 
tertiary 'structure of C5 protein, a working three-di- 
mensional model of C5 protein wil] help to design 
rational mutants and dissect the role of various re- 
sidues in the function of C5 protein. 

An ^6)3ctBa core motif (Figure 5) was predicted 
for all the protein subunits of RNase P from bac- 
teria by the PHD algorithm (Rest & Sander, 1993). 
Reported accuracy rates are 72% for prediction of 
protein Secondary structure by this algorithm. Any 
secondary structure prediction is likely to be com- 
patible with various tertiary structure models. 
However, we entertained the possibility that C5 
protein could adopt a fold the core of which con- 
sists of an anti-parallel 3~shcet flanked on one side 
by two ^-helices, since this fold has already been 
observed in other RNA-binding proteins (for 
example,, UlA, a spliccosorneil protein and 56, a 
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Figure 5. Predictions of the secondary structure Of C5 protein. The predictjohs w*r« obtemed using &e PHD a J S or- 
ithnTCRost & Sander, 1993) and based on threading ar^b (Bryant & Lavage, 1993) in Which the sequences or C5 
protein and its homotogs were individually threaded through the X-ray structure of a human UlArnutanc protein 
?ornpkxcd ~*h an RMA hairpin (OubridRC cf 1994), The tiding ^n^is ti»d only the protcm coords to 
rromd^B/Q complex in this PDB file. For further information on the data opined from the threading analysis and 
fOT coordinates of the tertiary structure model, contact landsman@nih.gov. 



ribosomal protein; Undnhl ct al, 1994; Nagai et aU 
1990, 1995; Nagai, 1996). Although the PHD pre- 
diction of ei&fJaPa is different firam the paPPot^a 
motif in U1A, we decided to use the "threading" 
technique to evaluate the possibility that CS pro- 
tein adopts a fold similar to that of LH A- 

Threading (or hornoJogy model building) 
methods enable exairunation of the ability of a 
given query sequence to adopt a three-dJjTierisional 
structure already in the probein database (Bryant & 
Lawrence, 1993) and are capable of revealing struc- 
tural similarities which < are not evident from con- 
ventional sequence alignments:. Our computations 
indicate that despite: the low degree of sequence 
identity among the 12 RNase P protein sequences 

from various bacteria, ten out of 12 sequences con 

adopt the U1A fold 'consisting of a four-stranded 
anti-para])el p-shect with two a-helices packed on 
one side (unpublished observations). Based on the 
sequence-structure alignment generated using 
homology model building, we constructed a hy- 
pothetical three -dimensiorua I model of CS protein 
which Identifies roles for various conserved resi- 
dues. The p-sheet in C5 protein could provide a 
surface for docking the RNA ligand, as in other 
well<lwactcrized RNA-binding domains (Ou- 
bridge et al, 1994; Nieai et al, 1995). A stretch of 
s«ven amino acid residues (RNTRIKRL), containing 
four bpsic residues, is conserved in nearly all the 
RNase F protein subunits from bacteria. Interest- 
ingly, the NR1KR sequence is in strand (J3 (accord- 
ing to the tJlA nomenclature) and is die 
equivalent of the highly conserved RNPi consen- 



sus motif in U1A which plays a cmciel role in 
RNA binding, DThe surface electrostatic potential 
map of C5 protein reveals a binding cleft, rich in 
conserved, positively charged residues (such as 
Lys54, Arg62, and Lys66), which could anchor a 
loop present in Ml RNA (data not shown). 

Although a number of correct structural predic- 
tions have been made with computational 
methods, it is critical to bear in mind that the sec- 
ondary and tertiary structure predictions men- 
tioned above serve only as working models of C5 
protein. Further experimental data jjn support of or 
in contradiction of these predictions are required. 
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Materials 

The various reagents used in this study were obtained 
from the indicated commercial sources; restriction m- 
rymes, T4 DNA polymerase, T4 DNA liga&e, T4 polynu- 
cleotide kinase, and E. calf DNa polymerase (Klenuw 
fragment) were from New England BioUbd? T7 RNA 
polymerase, 5P6 RNA polymerase, Smnl, RNasin and 
M13K07 helper phage were from rromega; nucleoside 
triphosphates and C50 CM Sephadex were from Pharma- 
cia Biotech; oarbenicillip was from Gemini Blooroducta; 
BCA protein assay) reagent was from Pierce; QuickSpin 
Sephadex columns were from Boehringer Mannheim; 
and [a-^P]CTP v*as from Amersham Blochemicals. 
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Table 2- Oligonucleotides "ged for mutagenesis 



Mutation(v) 

FlKA 
VY109A 

N63!» 

F22A 
F73A 

R67A 

F18A, wifWA 

FlBW, W109F 

FIB A, F2iA 
FlflA, F73A 

FZ2A, W109A 

F73A, WL09A 



ScquCROl Of olignnuclgohd^ uggd for fbuiifichd n,utl 8 and, 



Mam« of p|nsrni<J 



5' C CAA AAC G AA GGT AGC CTG GGA CGG GG3' 
J- CT CAC ACO TTT S<vT CCC COG OCC TTC ATU GO 3 

J § SSSSSSSS^^ ^ > SSc/SfiK^r ceo *rr ceo 

K So ACG CAA OCT TTC GCG ACT CAC? AGC TTT AAT CCC ATT CCC 

5* G GAA AAC GAA GGT AGC GTG GGA CGO GG 
5' G GCC GCG CCC TA A TTT TTC C 3' (WX09A) 
y oSSAc CAA GGT CCA CTC CO- f™**^*") 
5' CTC GCG CCG CAA TAA TTT TTC C 3' (W109F) 
5' C ACG CTC CGG CTC CTG CGC AAC GAA OOT, 
5* G GAA AAC GAA GGT A G C CTG 0 G A C OG ^ . . . _ 
5' C ATG TTC CCC CAG ACC CCC CCT TTC : ACG OCT f ^ j^*** 
y C ACG CTG CGG CTG CTG CGC AAC OAA CjG fOA ACT GGQ 7 <r*ZZAJ 
1 1 CCC CCC CCC TAA TTT TTC C 09 A) i 

3' C ATG TTC GCC CAC ACG CCC OTTTCAa. f CT CAC 3 (T73A) 
5' c CCG GCG CGC TAA TTT TTC C 3 (W09A) 1 



y (FIB A) 



AGC CTC GCA CGG GC 3' 

y (Fib A) 



pB5C5Sn7 

pB$C5SnS 

pBSC5Sn9 

pBSCSSnlO 

pBSC5Snl3 

pBSC33n1n 

pDSCHSiiH 

pB5C5&n24 

pDSC5Sn23 

pB5C55nH2 

pBSC5Sn7t<7 
p BSC5Sn717 

pPSCSSnfllO 
pBSC5Stl817 



Steel" resulted m a restriction pattern that m distinct from *iot of the wifd-tyfr C5 genc. . 



Construction of pBSCS 



Vioque fif fll. (1958) had constructed the plasmfd 
P ARE7 in which, a semisynthetic C5 gene pUcejJ 
downstream from *e promoter and the ribosornc bid- 
ing site of gene W OP T7 bacteriophage. For ^bjec^ves 
unrelated ttf this study, we constructed a piasmid pVGZ, 
^hich b ati-kgou* to P ARE7 except thae u 
EcoRT ?ito in the vector. In order to dons the gene 
into a vector which possesses, the fl filamentous phage 
origin of replfcatiorv **vc entire nucleotide sequence con- 
tnWng the T7 RNTA polymerase promoter, tronsbuonal 
signals, the-CS coding region and the 17 transcription 
tester w-o niovod m bloc from pVC2 to oBluescripk 
Tl KS (4-) to gonarato the pbsirud, pOSC5. This subclone 
Ing involved: CI) digesting pVG2 with BtflL ™\ Bc t ^.' 
(2) fiUins-in the 3' receded ends erected by the By/n di- 
gest and (3) lifting this btunt^nded DNA fragment 
into'pBtuesdrtpt D, KS (+) which had been digested with 
FtwIL Upon digesting pBluescript Q KS (+) with FvnH, 
the Wl, P n>Olti F le cloning bo,, and to* teZ awu«nc« 
present fri between the two Pp»n sites were deleted. In 
PBSC5, tlie C5 gaie is cloned in the same orientanon as 
lad and tacZ in the parerttol vector (pBluescapt n KS 



Site-directed mutagenesis of CS protein 

Mutations were engineered in the £ene encoding C5 
protein using the "oligonucleobdtf-diwcted mutagenesis 
w-ithgut phg»rK>typic selection'' procedure (Kunkel, W85h 
Sinclostronded (ss) UNA wa 3 prrpzired by comfechon of 
CJ236 (pBSC^) with the helper phage MI0K07, The rf^ 



DNA Jvas isolated according to the manufaorjrer'fi in- 
^r^fanVin the pALTER kit (F^mcga). Mutagencsu; re- 
L^onsl were pWormed according to the protocol 

desocded bv KuniwI 09»9). The vanous w u g"f A de j! va " 

rives of C5 protein were generated using the DNA ohgo- 
nudeofades described in Table 2. DNA oh^ci^f^ 
w^re ^Vnthesized at the Keck Biotechnology Resource 
laboratory at Yale Medical School. 

In trie T7 prumoter-driven system for overexpression 
of pro&ins (Studier et aL, 1990), it is preferable to clone 
the target $cnc initiallv into o host that does .not <=0^.n 
the 1 7 KN A polymcropc gene to cnourc ftiat there is r>0 
pU^mld insfe&lUty due to to^city associated ^th ex- 

pressfnh of the target gene. Therefore, to obtain clones of 

. the mutant derivatives of C5 protein, DHS* w-a 1 
farmed with the mutagenesis reactions and the plasimid 
DNA confining U^e desired mutation isolated. The pre- 
^ruce of the engineered mutanon was confirmed by se- 
quencing of the vprioua plasmld DMA ^nnpl^. 
SubsocTi£nt]y, thm pla^mid pNA* wore used to tran^ 
form' BlZl{DE3) cells and the respective mutant protein* 
ovcrcxpnrssed , 

Complementation assay in vivo 

T7A43 cells containing both the rm»A49 rputotUin (U\ 
C5 R46H) in their chromowimes and the T7 JW* poly^ 
mcra6C jrcne under control of the /nc LfV5 promoter 
(Ci^rnvr-T^kfldo W n/., 10Q5) were transformed with 
pl^mids bearing the wild-type C5 0 r 
deriVciAve? under the control of a promoter for 17 RNA 
pulv^irj^e tfjnscnphon. Tlie permissive temperature 
For mm «roin Ih 30 C while the non-p^rm^u v tempers 
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cure is 43 C The transforrnants bearing the various 
mut/infcj were then grown overnight at 30 C in U3 medio 
supplemented with carbcnicillin (100 ug/ml). Cultures 
were rcinoculated fchV next morning in frvbh LB carbent- 
cillin medfa and growtt at 30 C until the A fK „ -v 0.20. The 
culture were then shifted to 43 C and the cell growth at 
the non-p«?rmissiva fcwm pern hire muni to red by measuring 
A Myn at regular time intervals. Cells (without any pl**s- 
mfjtf) were* grown in the absence of carbcnicilKn and 
served as the n ego rive control while cells transformed 
with p BSCS (wild-type C5 protein) served as the positive 
control for complementation oF the ts phenotypo. 



Ovcrcxpreseion and purification of mutant 
derivatives of C5 protein 

BL2](DE3) cells containing plaamicb encoding the var- 
ious mutant, derivative? of C5 pro coin (uee Table 2) were 
cmwn to A*Yx 0.4 and then induced with 2 mM JPTG. 
After establishing «'n small xnlz cultures (approximately 
4 ml) that tp^re was TT prom oter-d riven ovcrcxprcssion 
of the various proteins, large scale (1/) culture were 
grown to isolate the respective proteins. When the crude 
cell extract was prepared cither by sanicarion or by 
grinding the cells with alumina and subsequently een tri- 
fuged at 30,0005 for 30 minutes, it was discovered that 
the mutant proteins ivcrc present in tire F3Q (i.e. the pel- 
let obtained after the centriftjgation) rather than the S30 
(j.e the supernatant obtained after fch** centrifugation). 
The relative amounts tn Che P30 and the 530 varied for 
the various mutanbs, perhaps indicative of the folding 
properties Of the various mutants. The mutant proteins 
were isolated from the F30 following the protocol de- 
scribed by B*er ct al (1989), This purification scheme for 
the JaoUHon «f C5 involves solublllzfng the P30 

with 4|vT urea (In 50 Tris-bydrochJocide (pH 7.S), 
10 mM magnesium acetate, 60 mM ammonium chloride) 
in order to recover the protein (Bacr ct ai, 1989) The 
urea-solubiJized suspension was th^n cenrxifuged for 
30 minuDes ar S0,0uXte. The P30 wash wab diaLyzed 
against 50 mM Tdo-hydrochlonde (pH 7.5), 100 mM am- 
monium chlorida, 70 mM magma-si urn chloride, 10 mM 
dlthiochreitol (DTD. The protein precipitates upon re- 
moval of The prwei pi tared pro Dei n 15 th«n resus- 
pend ed In a buffer containing 7 M wrva and further 
purified using CM Sephfldex C50 chromatography. Our 
modifications from this procedure are; (1) the cells were 
lys^d using a snpicator instead of being crushed in 
alumina, and (2) the deliberate omission oi th* reducing 
agent before loading. the protein on a CM Sephadex col- 
umn. In th« absence of DTT, dimcr formation id pro- 
moted. The dim eric version of th« C5 mutants cl Lite* at a 
higher salt concentration, relative to the monomer, and 
can help purify the C5 mutant proteins from contami- 
nants that elute at lower salt concentrations. 

All quo ts from the various fractions fluted from CM 
Srrphadcx columns were electrophoresed on SOS-poly- 

aery (amide gol* anrd 3 tamed wfth »iK« nitrate. Only 
ttWtf fractions; which tpowed high purity (>^S%) were 
pooled and the slocks were stored ac -70 C Immedi- 
ately before use in RNase P assays, the various mutant 
preparations were thawed and treated with 1(1 pi Ml DTT. 
Thy protein concentration i»f the variotw proparationb, 
was abbessed using the BCA test. The i-tandard curve for 
the BCA test wa.s gvnerfttcd usm^ wild-type C5 protein, 
the* concentration of which determined by mMfur- 
Trp ahsorbance at 2.S0 nm. 



Assays for BNs^e P actlyity in vitro 

Plasmjd encoding Ml RNA (pJA2') was linearized 
with To\c\ and trinscrib«id by T7 RNlA polymerase os de- 
scribed by Vioqde ?r al. (1988). The RisJA wa& then iso- 
lated usin^ a Qufck3pln column procedure (Vioque ct ai , 
|Q«K). Plasmids encoding ptRN A tyr and p4.5S KNA were 
hnea nzed with \ak\ ?nd Smal, r^pectively/ and thcec 
RNA substrates were intemaUy labclcxi with [•x- %9 r]CTP 
dunne m vltm ttaoacription with T7 RNa polymerase 
and then purifieJ on denaturing 3% (w/v) polyacryU 
amide/7 M uroa ^els. 

Cleavage of ILNA bubstrates was performed with 
RfVoze P hoIt->erT«ymc5 ccconsrituted usinjj I nM Ml 
RMA and 200 nM of C5 protein or its mutant derivatives. 
The assays were' performed with 100 nM ptRNA rvr or 
p4.55 RNA at 30 IC or 43 C. The cleavage reactions were 
performed in 10 rjnM Hcpco (pH 7S), 10 mM mognwum 
acetate, 400 mM Ammonium acetate, 5% (v/v) glycerol 
apd 0-01% (v/v)}T\ffMQ, The peRNA Tyr assays were car- 
ried put at 30 C And 43 C for ten minutes and five min- 
utes, respectively! The p-l.SS RNA assays were carried 
oue At 30 'C and 45 C for TO minutes *»nd ten minut<?s, re- 
spectively. Autorbdiograms were obtained after separ- 
ating the product^ of the various reactions on an 8% (for 
ptRNA' Vr ) or 7%) (for p4.5S RMA) polyacry|amide/7 M 
urea gel. The autoradio&rarns were scanned using a 
Microtek MSF-300Z scanner And the Scan Maker Plug-in 
software for Adobe Photoshop version 3.0- Jn Order to 
group the hydrophobic mutants together, th« autoradio- 
grams from two different experiments were used to gen- 
erate the compos lies shown in Figures 3 and 4. 

To calculate th|o initial velocity, the enzyme aseays 
were performed at Che indicated temperature and ali- 
quote withdrawn kt regular time intervals and quenched 
with 9 M urea. Thp products of the reaction were clcctro- 
phorcsed on polykcryIamide/7 M urea gwls »nd the ex- 
tent of cleavage t was calculated by quantifying the 
intensity of the virion (bands using 4 phoaphorimager 
(Fuji), The extent j of cT«?;svage was always restricted to 
the linear range for product formation- 

Database searches 

The GenPcpt release 91,0 (Benson ct aL. 1996), EMBL 
release (Rodr&Kuez-Tomy: c t a i, t 1996), PIR version 

45.0 (George el at.. 199o), and Sw^s-Prot version 31.0 
(Doiroch & Apv^eilcr, 1990) databases were searched 
using the BLASTP, algorithm (Altschul-ff aU, 1^90), with 
the ft. CO ft RNase P sequences used the? basis for com- 
p/irison. BLaST search cuwfft> used ro idenlify homology 
were a Karlin/Altschul score for two aligned sequence 
segments >70 with a probability of <10 . Tlio^ dflta-' 
bnbe searches identified 12 full-length RNasc F se- 
quencer. 
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A description of the putative bacterial KNase P protein subunit homologttes from the 
following bacteria are presented: 

1 Klebsiella pneumoniae M6H 78578 

2. Salmonella paratyphi A ATCC9150 

3. Vibrio cholerae serotype 01, Biotype El tor, Strain Nl 6961 

4. Pseudomonas aeruginosa PA01 

5. Neisseria gonorrhoea FA 1090 I 
6* Neisseria meningitidis serogroup A Strain Z2491 J 

7. Streptococcus pyogenes Ml 

8. Bordetella pertussis Tohamal 

9. Staphylococcus aureus'NCTC 8325 
10.5wpAytoccw«^«MyCOL | 

1 1 . Porphyromonas gingivalis W83 

12. Streptococcus muuois UAB1S9 

13. Streptococcus pneumoniae Type 4 

14. Clostridium difficile 630 (epidemic type X) 

15. CamphyhbacterjejuniXlCrc 

1 6. Bacillus anthrads Ames 

17. Mycobacterium avium 104 

18. Corynebacterium diphtheriae 

19. Chlamydia trachomatis MoPn 
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Klebsiella pneumoniae M6H 18578 1119 aa> 

Nucleotide sequence (plus ^t^^ ^^ CCCTGC OT ^ GCTCG ^ 

^ t "^5^t?g^ 

Se^n^^Sin: Washington Univereity; Ccntig 632 
salmonella paratyphi * ATCC 9150 (110 a») 

Nucleotide sequence (plus strand)-. 




CTi 

CCGCI 
CG 
CG 



vlirie eiolera* serotype 01, Biotype El Tor, Strain W16S61 (122 aa> 

LflQ^l^^^f LS ^!^ W ?^ S ?S^ CODOK BEFORE STOP* 
l^cleotide se£e£e<^^ 

^^G^G^^^G^ 



CGTAfU- ; l - ^^.p- 

acqtgcattcag?actttacgaccgttcgc 
Sequence origin: tigr 

P^eudajDonaff senagiaofla SAOl (135 aa) 



C^G^^ 

^CGTCCTGCTGCTC^CGCGCGAG^ 

ISS^gin: Pathogenesis «. university cf M«9»> Co^xg 54 
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Jffeieseria gonorrhoea PA 1090 (123 aal 
Amino acid sequence 



Amino acid sequence: 

vi ldyrfgrqyrli'otdefis svfaf15hsj5£rdljjqvsrsngngtjl3hl > ri glvvgkktakrmjeknxmkrvirdwfrl 
nknklppodfwfvrj^fdratakqaraelaqlmfgnpatgcgi^v 
Nucleotide sequence (minus etrahd) : 




A» CCGGTTGCGGGSTTGCCGAACATBASTXGTeCCABa-l-Cttsi-Ui.xj.vi-v-itai i j. wv.obu««.^«^wv» * **. 

TCGC^CGCGCACGACGAAATCCTGAGGCGGCAGCCGGTTmOT^ 
CATATOGTTCCGCTCGTTGGCGCOTlTGGCGGTTTTTTTGCCGACCACCAGACCGATGCGGGGATGGTCC^CCCCT 

TGCCGTCTGAGCGCGAAACTTGCAGC^GGTCGCGGCTGCGGCGGTra 

GTTTTTJACAAGCGGTACTGCCTTCCGAAGCGGTAGTCCAAAXTTA^CTGCCAGGCGTTTGCGGCCTTTGGCk 
CGTGCGGCOATACTGCGCGTCCGCCGCGT 

6equence origin: University of Oklthotna ACGT; Contig; 60 
Neisseria senioffitidie Bercgxonp A Strain Z2491 (123 aa) 

vxSwgrqvrSSdfssvf^ 

... i «_ ■ j„ esnupnee (minuB Strand) : 




Streptococcus pyoyene* lO. (113 aa) 



RKGVESLfiyQBLQQNLHHVLKIAQLLEKGFESEEaCH 

™S^CCACGACCA^^ 
^a^OTTCTCAAGC^TTGTCX^ 

t^ctScg^^cgataggtcttct^ 

Sequence origin; unlvereity at Oklahoma ACGT; contig 7 
BcrdefceJla pertussin Tohama X (123 aa) 

^tftlUlLALFAQDYVVRLHSjajTPASLTALKRSARAHVD 

^ccSgScctcggccggcagggc^^ 




CGGCGGCGATGCTCCTGTTACDW3GCAATCC 
Se^e^ce origin: Sanger centre &. MDS; Contig 2«7 
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Staphylococcus aureus KCTC 8325 (117 aa) 
Amino acid sequence: 

LAKDI I VI ARQPAKDOTTLQI QNSLEHVLKI AKVFNXJQK 
Nucleotide sequence (plus strand) : 

G TTh r ??& arrv r AATAGAAGTTTAAATATAG C TT CAAATAAAAAC GATAAATAAG CG AGTG A TGT TATTGGAAAAAGC 

TTACCGAATTAAAJ^GAATGCAGATTTTCAGAGAATAT^ 

SATACACTTCTAATAATAAAGAAATAGACCATm 

tTAAGAAACAAGATTAAAAGAGCAATACGTGAAAATTTC^ 

TG TAATAG C AAGACAGC CAGCTAAAGATATGACGACTTTACAA^.T^CAGAATAG TCTTGAG CAC GS'ACTTAAAATTG 

CCAAAGTITTTAATAAAAAG 

TCTTACCTCAGA 

Sentence origin*- University of Oklahoma ACGT; Contig 561 

Staphylococcus aureus COL (117 aa) 
Amino acid sequence: 

MLLEKAYRI KK^J>TQKlY^<SKSV7^QTVVrTC 
LAKDI I VI ARQ F AKDMTTLQ I QNSLEHVLKI AKVFNKK1 K 

Nucleotide sequence (plus strand) : 

GTTATAAG CT CAATAGAAGTTTAAATATAG CTT CAAATAAA>ACG ATAAATAAGC GAGTGA3^TXATTGGAAAAAGC 

TIACCGAkTTAAAAAGAATGCAfiATTTTCAGA)GJJfc 1 . 

TATACACTTGTAATAATAAAGJ^ 

TTMGAAACAAGATTAAAAGAGCAATACGTGAAAAr^ 

TGTAATAGCAAGACAGCCAGCTAAAGATATGACGACTITACAAATA^ 

CCAAAGTTTTTAMAAAAAGATTMjCTA 

TCTTACCTCAGA 

Sequence origin: TIGR; 

Porpbyromonae gingival ic W83 (137 aa) 
Amino acid sequence: 
OTSFPTFGLSKSERI^RDEItfTVFG^ 
AYRlNKHUiKDVliQERQI VATlATMVVSDEXiro 

nucleotide eeqvience (minus strand) : , 

AGAAGAAAATGG GGAGCAG TAAGAG TTGCACG AGAAAAGCCTTGATCAG T C G CATCG TA1^TACTCG'r"i"i J l"I CAAAG 
OOGATGAAGGTACATrTCCGGCAATTCTGATCAGACTCTTO 

TCATCCG&TACTAC CAT AAATGCJATAGTAGCATAGATCTGTCTCTCTTGGAGGACATCGTTCAGGAGG 1 UTITGTT 
Ci^craTAWWCTCCCTWiCC^ 

TTACCAGCATGGAGGAATATGCAACTCGATGCTCCGATCCCAGACGGTAC^CTACGre^ 

GCCTTGC CTTCGCCAAAGACCGTATTGATTTCATCG CGAAGATAGAGGCGTTCGCTTTTGGATAGGCCGAATGTAC3G 

CGGAGAGGTC^m'CCCGTTGAGGTAATCCTCTAATO^ 

Sequence origins TIGR fc Forsyte Dental Center 

Streptococcus mitans UAB159 (119 aa) 

QDrwiAJocGVEEi^ysTMxratt 

Nucleotide sequence (plus strand) : 

AGATTTTT G GCTTT1TCT CATTT TAT C^TATAATAGTGATAATTTAAATATTGC^GTCAT GrTTTGAAAAAAG C CTA 
TCGCGTTAAAAGT^TAAAGATTTTC^^ 

ATAGTnAGAAAAAGATCAAAGTCACTATCGTGWGGACCTTCAGTTGG 

AATGCGATTAAACGAAAATXGCG C CATGTC CTTATGGAACTTGGTCCTTATTXAGGCACTCAAGATTTTGTTGTTAT 

TGCTAGAAAAGGTGTTC^GGAACTTGAT^ 

TGTATCAGGAAGGATCTACTCGTGAAAAAGAA 

Sequence origin; University of Oklalionia ACGT; Contig 299 
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Streptococcus pneumoniae Type 4 (124 a&) 
Amino acid sequence : 

vlkkotr^ekdfkaif:kegtsf 
Nucleotide sequence {minus strand) : 

TCGCTAGTT*CCCCfcTTAGTC(^ 

CTTTTTCACTCCCATTTCCTTCCCGGTAAATC^ 

TJVXCCC^GGTTTCGACTCCTTTTCGAGC^ 

G£»I7^TATGCCGAATCCGTCGCTTAAT^^ * 
CTCGAWtflCGGTTTTTCTGGTTTTCTAm^ 

TTATAC CATATT TTTCAAAAAAC^CAATCATAG j 
Sequence origin: TIGR; ' 

Clostridium difficile 630 (epidemic type X) (114 aa) 
Amino acid sequence; 

WFNKTKGLKTOS PFRK^Y KHGKS FANKYL VT Y I LKNKSEY SRVG I SVS KKVGKA1 TRNRVKRIjI KEAYRLNI D^Kl 

KPGTOIVriARVSSKDATFKDID^SIKNLVKRTOlSl 

Nucleotide sequence (minus strand) : 

T C CTTTAATAT ATAAATG^TTTTATTCAAAGT CATT AAC CTCCATATTTATAG CATACAATTAAATAGAAATATC CG 

TTCTTTTAACTAAATTTTTTA^GACTTGTCTATGTC • 

ACTAT ATCATATCCAGGCTTAA^^ 

CCTAGTAATAGCTTTTCCT^^ 

MATOACTAAATATTTCErTTC 

TTAGTC CTATTAAAGTC CA^GTTAACCTCCATAAACACAG CTATGAATCGTAATTATTTACACAAAAAGGC CACCT 
TTG 

Sequence origin: Sanger centre; Contig 975 

Cusnpkylahacter jejuni KCTC (106 aa) 

AtninO acid sequence: 

vyWFDKFSTNEEFSSV^ 

I pvAKT^ITELSFSRLEKNXjKMGIjKKLECPK 

Nucleotide sequence Iminus etrsndj : 

AAGCAGCGGGTTTTAAAGGGCTTAAGAATTTCrrcATAAAAACGGAGT^ 

G TMTTT CAAT CC C CAlTTreAGATTTTTTTC TAA C CTAGAAAAAG AAAGTT CAGTGATTT CATTTTTAGCTACAAAA . 
AT ATATTTG CCAT CTTGAAGAT^T CTTTCAAACTTAG CAAACAAAGCT C TTAAAATTCGTTTTGAACGATTTC1AAC 
rACTGCTTTCCCM^C^TT^^ 

CTT CGCA> TGCCATTTTTTGC CTACTTTATATACAGAT G AAAATTC CTCGTTTGTGCTAAATTTATCAAAATTTTTC 
ACACAGC^GTCTTTTTCTACCrrTTAGCGM 

Sequence origin: Sanger centre & MDS ' • 

Bacillus acti^acifi Ames (119 aa) 

Amino acid sequence; 

MKBOCHRtKKNDEFCTVFQKGKSNAimQF^ 

GKDFVT X ARKP CAEMTYEELKKSLIHVFKRS GMKRIKS S VRK 

Nucleotide sequence (minus strand) : 

TA^CCTAATTTCTTTTTCS^^ 

TTTTTATTCTTTXCATACO^GAGCGTTTAAAGACATGAATT^ 

n^roCTOCCTTGCTATTATAACAAAATCTTTTCCAGA^ 

^arGTTTAfcTTCGGTTATCCACTACTG^ 

Stcttctttatctagttc^tagacaac^ 

T^TCATTCTITrTTATAOGATGTTTrTTCTTCAaATC^ 

xattasaaabaaagacca 
Sequence origin: TIGS.: 
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Mycobacterium avium 104 (119 aa) 
amino acid sequence: 

GELEPSDMrfVlRALPGERTASSJJUAQBLQRCLKRMPAGTGP 

Nucleotide sequence Iminue etrand) : 

GTCCGCGGGC^CGGTTCGGCCC^CGCCGCGAATGGOCGCGCCC^^ 

CCGGCATGCGCCGCAGGCACCGCTGCAGTTCCTGCGCCAGGCGCGCCGACGACG^^ 

CGAATraCCAGCCGGTCGGATGGTTCGAGTTCGCCGA^ 

GTGTCGTTGCACCGCCGTCCCGACGGCCTTCCCGACGACC^^ 

CC^GTCGCGCCGGAGGTGGACGACGATGTCGGGCTGCGCCATGCGGGTO . 
GTTGACCGCGTCATGCGGTTGCGTGCGGGAAGCa^GCGAAAGACCTGACGTGCGATCAGGCA 
ACCCTTGCGGCGCCGACC 
Sequence origin: TIGR; 

Corynefcaeteriua ddphthexiae (129 ae) 
Airrino acid sequence: 

SJ^WLHWIAMKDQFPASEHVV^ 

Nucleotide sequence (plus strand) ; 

CCGOTCGMCAATCSTWCTGCACGTCGTAACAAG^ 
GAATAGAACGACGGTGCTACCWCACAGCACAAGCTttGCAATT^ 
AGCGTGCTGGGAGGAGCACCGTCGTTCTTCATTT^ 
CCGCGATTCGGCCTCGTTGTGTCCAAGGCTGTTGGAA^ 

CGTAGTAATCGCTATGAAAGACCAGTTCCCAGCGTC^TCCCATGTTGTTGTGA 

CJ^GTTATGAGGAGTTGCGGGCAGATGTGCAGGCAGCACT cgacaagctcaac cgcaagcgataaggcggttactcg 

ccctcgtgggctggttagtcgcgcattgtttgatgcggtgcggttcta 

Sequence origin: Sanger centre; Contig 390 

Chlamydia trachomatis MoPn (lis aa) 

Amino acid sequence: 

P»3.PACQVVVS PKGGTLPNFGKLSADLLBKI PEALPXjVTS SK 
Nucleotide sequence (pins strand) : 
GCTACA^AAAGTGGAAGAAATCTTTTAAATeGTC^^ 
TTCMOTCTGCATCGGTTAACTCTA^ 

GTGGG<^ATATTGTCGTACTGATCAGGCAACTTXACGAAT^ 

GTTACTGTTTCTAAAAAArrrGGGAAAGTC^ 

TGTGCGAC(^VAATCTTCCCGCATGTC^GTGGTAGTC 

CCGCGGATCTTCTTAAGCATATTCCAGAGGC 

AAATAAAAAACCATTCCACGCXATAGAGGCATGGAATGGGAA 

sequence origin; TIGR & Manitoba University; 
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New Sequences 



Pasteurella jnultocida PM70 (130? aa) 

m\h-1 poride sequence (plus strand) : 

t^TTATCAGC^TAATCTTAATC^ 
irS^TTTTAAATACGTCTTCG^ 

ScSa^CCGAGAAAGTTTCCGCCTAG^ 
AATC TTGA 

HaeaopWlutf ducreyi strain 35000KB C130? aa) 

9gVS KW^VN1^TFSRELR1<1A5 1 QFKAVFEOP YRAS TAEliT I IARQNCVNTPRLGLTVAKKHLKRAHDRKRI KRI V 
RE 5 FftliKQHQLPSnJFVFVWCHGl GKLDNATLFATIDKLWTRJil RLSQQAQSKN 
Nucleotide sequence (minus strand) - 




^TttTCTAGTTTACC^TCCCATGCTT^ 1 
ti^ScGCG^TTAACGC^ 



V a ^C(y^CGXATTAACGCAATTTOX^CGAG<^GAATAGTAAeTTt^WSUb ivsu * ^* _ 

^CACGGCT^GAATTGAATGGGAGCTAACAAACGTAGCTCCC ' 

CTSACACT* " 

Chlamydia mtxidosim (? ea) 
•LPACOWVSPKOG 



IiP ftCQVWS PXGG 
nucleotide sequence (? strand) : 



\ 



FIG. 1 



SEQ ID 
NO. RaskUe Ruber* 



Title: NOVEL BACTERIAL RNASE P PROTEINS AND THEIR 

USE IN INDENTIFYING ANTIBACTERIAL COMPOUNDS 

Applicant(s): Venkat Gopalan et al. 

Serial No.: 09/516,061 Filing Date: March 1, 2000 

Page 1 of 2 Customer No.: 21 559 
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46 . 



47 48 49 50 51 52 S3 54 55 56 57 58 59 60 61 



39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 



55 
56 

57 
58 
59 
60 



61 
62 
63 
64 

65 
66 
67 
68 

73 
74 
75 
76 
77 
78 
79 
80 
61 
82 
83 
84 

85 
86 

87 
88 

69 
90 
91 

69 

70 

71 

72 



i purple 
Escherichia oodi (119) 
Ftobeas zairahUia (119) 
teencphilus Influenzae (136) 
ftau±nmas puticb (133) 
axtnexa aphldicola (114) 
Salmonella typhi (119) 
yersinia pestls (119) 
Klebsiel la pneumoniae 
ftolmnml la paratyphi 
Vibrio choleras 
Peaudowonas aeruginosa 
ShemnaVa putxefa&ens 
alpha purple 
C&cLelte burnetii (121) 
Rickettsia prcuazekii (121) 
Caola 



epsdJjon purple 
mUcabacter pylori 26695 
(161) 

Salloctecter pylori J99 (161) 
Offrfiyiobacter jejuni 
beta purple 
Neisseria gorrantoaae 
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